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TECHNICAL  EVALUATION  REPORT 


by 

Group  Captain  C  E  Simpson 

Deputy  Director  of  Health  &  Research  (Aviation  Medicine)  RAF 
Ministry  of  Defence,  London 


INTRODUCTION 


During  the  AGARD  Aerospace  Medical  Panel  Specialists  Meeting  in  Lisbon  in  October  1979  the 
"Operational  Roles,  Aircrew  Systems  and  Human  Factors  In  High  Performance  Aircraft"  were  discussed, 
particularly  in  relation  to  the  F16,  Mirage  2000  and  Tornado  aircraft.  The  much  enhanced  performance 
of  these  aircraft,  and  the  apparent  stresses  which  new  operational  techniques  would  Impose,  prompted 
the  Aerospace  Medical  Panel  to  consider  the  effects  of  such  changes  on  aircrew  selection  and  medical 
standards. 

Two  developments  had  taken  place  concurrently,  and  each.  In  differing  ways,  would  influence  such 
consideration. 

(a)  Advanced  aircraft  had  been  introduced  which  placed  a  much  increased  stress  on  aircrew  who 
would  be  subjected  to  the  high  physical  stress  loads  of  sustained  high  'g'  manoeuvres, 
vibration,  high  noise  levels  and  heat  stress,  and  who  would  be  required  to  produce  a 
constant,  high  degree  of  concentration  with  little  or  no  -  margin  for  error.  Would  an 
increased  degree  of  aircrew  fitness  be  necessary?  Was  there  a  need  for  special  selection  of 
aircrew  to  fly  these  aircraft? 

(b)  The  diagnosis  of  certain  diseases  had,  to  date,  resulted  in  the  aircrew  concerned  being 
declared  permanently,  unfit  to  fly.  Modern  methods  of  treatment,  however,  now  made  it 
possible  to  consider  the  return  of  these  aircrew  to  flying  duties.  The  introduction  of  beta- 
blockade  In  the  treatment  of  hypertension,  surgical  Intervention  to  relieve  coronary  artery 
insufficiency  and  a  better  understanding  of  the  stress  of  flying  are  examples  of  such 
Improvements.  Under  what  conditions  may  aircrew  with  diseases  which  require  long-term 
therapy  continue  to  fly?  What  limitations  must  be  applied  in  such  cases? 

To  find  answers  to  these  questions  "The  Effects  of  Long-term  Therapeutics,  Prophylaxis  and 
Screening  Techniques  of  Aircrew  Medical  Standards"  was  proposed  as  the  subject  for  this  meeting.  The 
18  papers  received  highlighted  a  particular  interest  in  two  specific  areas,  and  the  session  could 
conveniently  be  divided  into  two  parts,  each  lasting  one  day.  Part  I  contains  papers  on  medical 
standards,  screening  and  selection  of  aircrew,  while  papers  on  the  epidemiology  and  management  of 
specific  conditions  comprise  Part  II  of  the  session.  The  meeting  was  held  at  the  Defence  and  Civil 
Institute  of  Environmental  Medicine,  Toronto,  Canada  on  18  and  19  September  1980. 

DISCUSSION 

Epidemiological  survey  techniques,  both  retrospective  and  prospective  are  used  by  many  of  the 
authors  to  establish  a  base-line  from  which  standards  can  be  derived.  Dr  K  Myhre  In  the  opening  pages 
of  Part  1(1),  described  a  prospective  study,  started  in  1980,  which  will  compare  the  cardiovascular 
capacity  of  pilots  with  their  physical  fitness.  Measurements  will  be  made  at  routine  periodic  medical 
examinations.  Although  the  number  in  this  study  Is  limited,  and  highly  selected  at  medical  examination 
on  entry  to  military  service,  the  study  will  be  carried  out  under  controlled  conditions  such  that 
trends  may  assume  greater  significance.  The  paper  highlights  the  importance  of  preventive  techniques 
in  the  medical  supervision  of  aircrew. 

Dr  H  T  Andersson  (  2)  reported  a  five  year  study  of  the  physical  fitness  of  young  aircrew  compared 
with  their  physical  activity  and  dietary  intake.  Fitness  was  assessed  using  the  maximal  aerobic  power 
(V02  max.)  and  compared  with  recorded  organised  physical  activity  and  diet.  The  compulsory  physical 
activity  undertaken  during  early  military  training  was  shown  to  produce  a  significant  increase  in 
fitness,  subsequently  lost  when  physical  activity  became  voluntary,  and  when  dietary  habits  changed. 

Or  J  E  Whinnery  (  3)  described  a  study  to  assess  measurable  criteria  associated  with  +Gz 
tolerance.  A  group  of  aircrew  undergoing  aeromedical  assessment  for  subtle  cardiovascular 
abnormalities  were  subjected  to  a  centrifuge  acceleration  stress  test  and  the  results  compared  with  the 
standard  treadmill  stress  test  and  clinical  evaluation  normally  carried  out.  Comparison  was  also  made 
with  a  group  of  healthy  volunteer  subjects.  Antl-G  suits  were  worn  for  the  centrifuge  test  and  the 
maximum  exposure  used  was  +7Gz. 

The  study  has  confirmed  that  +Gz  tolerance  Is  not  related  to  aerobic  capacity  and  that  overall  the 
higher  +Gz  tolerance  is  demonstrated  by  the  older,  shorter,  heavier  and  more  experienced  aircrew  who 
tend  to  have  a  higher  than  average  blood  pressure.  Many  of  these  factors,  however,  have  an  associated 
increased  risk  of  cardiovascular  disease.  A  lower  +Gz  tolerance  Is  shown  by  the  tall,  thin  and  less 
experienced  subjects.  The  Increased  incidence  of  cardiac  dysrhythmia  associated  with  increased 
exposure  to  +Gz  was  shown,  and  the  significance  of  these  dysrhythmias  as  a  possible  measure  of  +Gz 
tolerance  was  discussed.  The  need  to  identify  +Gz  Induced,  medically  significant  dysrhythmia  in 
aircrew  selected  to  fly  the  new  generation  of  high-performance  aircraft  was  stressed. 
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Dr  R  Auffret  (  4)  described  the  use  of  a  centrifuge  stress  test  as  an  adjunct  to  the  routine 
clinical  Investigation  of  aircrew.  During  the  past  three  years  21  aircrew.  Including  student  pilots, 
had  been  Investigated  and  the  cases  Included  pneumothorax,  acceleration  Induced  airsickness  and  cardiac 
abnormalities.  During  the  test  the  ECG,  heart  rate,  blood  pressure,  cardiac  output  and  peripheral 
visual  fields  were  assessed.  The  test  was  considered  a  valuable  assessment  but  was  unlikely  to  be 
Introduced  routinely  because  of  the  workload  Involved.  Of  particular  interest  was  the  assessment  of  a 
hypertensive  pilot,  treated  with  beta-blockade,  whose  +Gz  tolerance  was  found  to  be  unaltered  up  to 
+5Gz,  and  for  whom  a  medical  waiver  for  one  year  was  granted. 

The  stringent  medical  examination  and  acceptance  criteria  employed  to  select  subjects  for 
experimental  acceleration  and  Impact  studies  were  outlined  by  Dr  B  A  Hearon  (  5).  The  examination  Is 
designed  to  ensure  that  subjects  selected  are  free  of  any  predisposing  conditions  which  might  lead  to 
injury. 

An  analysis  of  the  medical  evaluation  of  all  unsuccessful  candidates  during  the  2  year  period 
1977-1979  has  been  carried  out.  Of  all  candidates  rejected  on  medical  grounds  93*  were  found  to  have 
radiological  spinal  abnormalities.  This  represented  31*  of  the  total  applicants,  who  were  asymptomatic 
and  without  past  history  of  spinal  problems. 

The  need  for  a  similar  screening  procedure  for  aircrew  subjected  to  high  G  stress  and  exposed  to 
the  risk  of  high  ejection  stress  loads  was  discussed  in  this  paper. 


Dr  M  G  P  Fisher  (  6)  gave  a  more  general  assessment  of  the  problems  associated  with  the  management 
of  unfit  aircrew  and  highlighted  the  Importance  of  the  Flight  Medical  Officer  (Flight  Surgeon)  In  the 
assessment  procedure.  By  virtue  of  his  training  and  his  close  association  with  operational  aircrew  the 
Flight  Medical  Officer  Is  well  qualified  to  provide  a  risk  assessment  in  the  return  of  aircrew  to 
flying  status  following  medical  treatment. 

There  are  many  cases,  however.  In  which  a  risk  assessment  cannot  be  closely  defined.  For  example, 
the  prognosis  In  certain  conditions  may  be  uncertain,  or  the  effect  of  drugs  on  pilot  performance 
cannot  be  accurately  assessed.  Several  examples  have  been  given  by  Dr  Fisher  which  indicate  the  need 
for  continued  research. 

The  risks  associated  with  poor  dark  adaptation  In  a  military  environment  were  discussed  by  Dr  H 
Zwick  (  7  ).  Because  no  simple  screening  test  is  available  many  military  personnel  are  unaware  of 
their  Inability  to  'see'  at  night. 

To  date  dark  adaptometers  have  been  complex  optical  devices,  not  readily  transportable  and 
unsuitable  for  screening  purposes.  The  paper  described  the  development,  using  new  technology,  of  a 
screening  dark  adaptometer  and  Its  validation  In  the  laboratory. 

With  an  estimated  15*  of  the  'normal'  population  subject  to  some  difficulty  in  altering  light 
sensitivity  in  darkness  the  LAIR  Dark  Adaptometer  should  be  a  valuable  addition  to  a  screening 
programme. 

A  screening  progranme  for  noise-induced  hearing  loss  In  military  personnel  was  described  by  Dr  H  M 
Borchgrevink  (  8).  The  programme  Is  In  accord  with  programmes  being  set  up  by  many  NATO  countries  and 
concentrates  on  the  establishment  of  risk  criteria  for  noise  exposure,  and  routine  screening  employing 
pure-tone  audiometry  and  speech  assessment,  of  all  personnel  at  risk. 

Visual  acuity  Is  presently  assessed  using  standard  test  cards,  normally  high  contrast  black 
letters  on  a  white  background.  The  significance  of  contrast  sensitivity  In  the  performance  of  many 
pilot  tasks  In  military  aviation  is  now  becoming  more  widely  recognised.  Dr  A  P  Ginsburg  (  9) 
described  the  development  of  contrast  sensitivity  tests  designed  to  reveal  individual  differences 
between  subjects  assessed  as  normal  by  present  methods  of  assessment. 

The  Importance  of  good  contrast  sensitivity  In  pilot  skills  such  as  target  acquisition  and 
identification  was  explained,  and  the  collection  of  data  which  this  research  will  facilitate  will  all6w 
a  critical  assessment  of  current  techniques  and  the  development  of  future  screening  tests  with  a  more 
functional  application. 

Airsickness  continues  to  be  a  serious  factor  In  the  wastage  rate  of  both  student  and  trained 
aircrew.  Through  the  years  many  treatment  regimes  have  been  employed  with  varying  degrees  of  success. 
Dr  D  R  Jones  (  Ic)  described  a  new  technique.  Introduced  In  1979,  which  employs  biofeedback  relaxation 
techniques  with  physiological  monitoring.  He  emphasised  the  Importance  of  high  motivation  in  aircrew 
selected  for  treatment,  and  the  need  for  careful  briefing  of  patients  In  the  use  of  biofeedback 
equipment  and  relaxation  techniques. 

The  treatment  Is  based  on  the  premise  that  symptoms  of  motion  sickness  are  mediated  by  the 
autonomic  nervous  system  and  that  voluntary  control  of  the  autonomic  response  can  be  employed  to 
prevent  or  diminish  the  symptoms. 

A  success  rate  of  84*  has  been  achieved  In  aircrew  treated  to  date. 

The  problems  of  the  rehabilitation  and  the  return  to  flying  status  of  aircrew  suffering  from 
stress  related  conditions  continue  to  present  a  challenge  to  experts  in  this  field.  Dr  R  W  Kemmler 
(  11 )  reported  the  results  of  treatment  of  a  group  of  44  aircrew  treated  between  1973  and  1979  and, 
based  on  the  conclusion  reached  In  his  review,  proposed  an  assessment  and  treatment  plan  for  future 
cases. 


Since  prevention  is  better  than  cure,  the  proposals  include  psychological  selection  testing  to 
identify  candidates  liable  to  stress,  an  education  programme  to  improve  stress  tolerance  and  the 
identification  of  high  risk  tasks  so  that  supervisors  and  personnel  in  such  posts  are  aware  of  the 
stress  risk. 

On  the  assumption  that  the  number  of  human  factor  accidents  can  be  reduced,  and  since  stress  is 
frequently  an  important  factor  in  such  accidents,  continued  research  in  this  field  is  essential. 

The  aeromedical  investigation  of  aircraft  accidents  has  assumed  greater  significance  in  recent 
years.  More  complex  and  thorough  examinations  are  carried  out. 

The  use,  or  misuse,  of  drugs  has  become  more  prevalent  and  Dr  J  L  HcBurney  (12  )  described  a 
technique  which  has  been  developed  to  detect  and  determine  the  time  of  ingestion  of  diazepam;  a 
technique  which  can  be  used  in  the  investigation  of  aircraft  accidents/incidents. 


Part  II  of  this  session  contained  six  papers,  four  dealing  with  the  epidemiology  and  management  of 
cases  of  cardiovascular  abnormality  and  two  dealing  with  the  effect  on  aircrew  performance  of  drugs 
used  in  conditions,  including  cardiovascular  disease,  which  demand  long-term  therapy.  It  is  hardly 
surprising  that  the  focus  should  be  on  cardiovascular  disease  since  this  continues  to  be  the  dominant 
cause  of  loss  of  flying  category  on  medical  grounds.  It  is  also  a  field  in  which  considerable  advances 
in  treatment  have  been  made,  particularly  in  the  treatment  of  hypertension,  and  yet  these  advances  have 
brought  with  them  significant  difficulty  in  the  assessment  of  fitness  and  the  calculation  of  risk. 

The  calculation  of  risk  and  the  application  of  this  assessment  was  the  basis  of  a  paper  submitted 
by  Or  E  Alnaes  (13  ).  He  has  reminded  us  of  two  facts,  firstly  that  cardiovascular  disease  accounts 
for  65*  of  the  medical  causes  of  loss  of  flying  status  over  the  age  of  35,  and  secondly,  that 
cardiovascular  risk  factors  are  now  well  established. 

Based  on  a  large  scale  Scandinavian  long-term  study  of  urban  populations  he  has  been  able  to 
quantify  the  degree  of  risk  of  cardiovascular  disease  and  has  proposed  a  policy  for  the  screening  and 
management  of  aircrew.  Screening  will  start  with  prospective  aircrew  at  selection  medical  examination 
and  continue  throughout  the  service  career  of  serving  personnel  at  periodic  medical  examinations. 

In  otherwise  asymptomatic  aircrew  the  diagnosis  of  latent  coronary  artery  disease,  usually 
suspected  following  minor  abnormalities  in  the  electrocardiogram,  normally  depends  on  the  results  of 
standard  treadmill  tests.  Dr  M  A  Montgomery  demonstrated  in  his  paper  (14  )  the  value  of  computer 
enhanced  Thallium-201  scintigraphy  in  confirming  the  disease,  and  he  was  also  able  to  demonstrate  that 
the  proportion  of  false  positive  results  obtained  was  significantly  reduced,  compared  with  the 
treadmill  test.  The  introduction  of  this  technique  should  reduce  significantly  the  number  of  patients 
who  require  coronary  angiography. 

The  decision  to  grant  a  waiver  to  aircrew  to  return  to  flying  when  certain  types  of  cardiovascular 
disease  are  diagnosed  is  not  one  which  is  taken  lightly,  and  the  validation  of  that  decision  is 
achieved  by  careful  follow-up  over  a  prolonged  period.  Dr  G  B  Madrakis  (  15)  made  this  point  in  his 
report  of  the  follow-up  during  a  10  year  period  of  39  pilots  with  a  variety  of  cardiovascular 
abnormalities  who  had  been  retained  on  flying  status. 

The  paper  also  showed  that,  for  certain  diseases  a  policy  for  treatment,  a  period  of  mandatory 
grounoing  and  the  conditions  for  return  to  flying  status  had  been  established.  Significantly,  none  of 
the  patients  had  shown  any  additional  abnormality  or  cardiac  event  during  the  follow-up  period. 

Continuing  on  the  subject  of  cardiovascular  disease  Dr  C  E  Simpson  presented  the  paper  by  Dr  J  N  C 
Cooke  (  16)  which  dealt  with  the  treatment  of  hypertension  using  beta-blockade.  Hypertension  has,  for 
many  years,  been  a  disqualifying  disease  for  a  medical  licence  to  fly;  and  the  consequent  wastage  of 
highly-trained  aircrew  has  given  much  cause  for  concern. 

The  paper  discussed  the  assessment  of  hypertensive  aircrew  and  the  difficulties  clinicians  had  in 
determining  the  most  suitable  treatment  regime.  The  beneficial  effects  of  beta-blockade  were  explained 
and  the  significance  of  the  central  effects  and  side  effects  of  the  various  drugs  available  was 
discussed. 

Investigations  carried  out  to  assess  the  importance  of  these  effects  with  particular  reference  to 
flight  safety  were  also  described.  A  policy  for  limited  employment  in  flying  posts  of  aircrew 
successfully  treated  for  hypertension  was  proposed  in  the  concluding  section  of  the  paper. 

Beta-blockade,  although  primarily  used  in  the  treatment  of  cardiovascular  disease,  is  also 
efficacious  in  the  treatment  of  anxiety.  The  central  effects  of  some  of  the  beta-blockading  drugs  are 
well  known  and  Dr  0  Harms  in  his  paper  (  17  )  commented  upon  the  lack  of  consistent  data  on  the  effects 
of  these  drugs  on  aircrew  performance. 

The  paper  described  work  done  to  develop  and  prove  a  method  of  assessment  using  visual  reaction 
time.  The  particular  assessment  of  atenolol  showed  the  significant  decrease  in  central  effects  of  the 
drug  contrasted  with  the  past  experience  gained  using  propranolol. 

The  final  paper,  presented  by  Dr  W  Nissen  (  18  )  highlighted  the  value  of  modern  data  storage 
techniques  in  the  maintenance  of  medical  records  and  the  usefulness  of  such  recording  in  statistical 
analysis. 

Three  conditions,  hypertension,  hyperlipoproteinaemia  and  euthyroid  goitre  have  been  examined  to 
assess  long-term  therapy  in  aircrew.  The  survey  has  shown  that  this  therapy,  during  the  flying  career 
of  military  aircrew,  is  necessary  in  relatively  few  cases  and  that,  particularly  in  the  case  of 
cardiovascular  disease,  the  identification  of  risk  factors  and  the  provision  of  sound  medical  advice 
and  guidance  is  a  more  profitable  approach. 


SUMMARY  AND  RECOMMENDATIONS 


The  questions  which  were  posed  prior  to  this  meeting  were  based  on  a  growing  concern  that  advanced 
military  aircraft  had  a  performance  potential  which  exceeded  the  physiological  capabilities  of  the 
average  pilot  to  such  a  degree  that  a  highly  selected  cadre  of  pilots  would  be  required  to  fly  them. 

The  medical  standards  laid  down  for  entry  to  aircrew  training,  and  for  retention  on  flying  duties, 
have,  in  most  NATO  countries,  remained  unaltered  for  many  years.  In  the  past,  in  most  Air  Forces, 
there  was  no  shortage  of  pilots  and,  if  one  became  unfit,  another  fit  pilot  was  available  to  ensure 
that  squadrons  remained  fully  manned.  Medical  fitness  had  little  financial  or  manning  implication. 
Today,  training  costs  are  high  and  medical  fitness  has  assumed  considerably  more  Importance. 

Whether  or  not  the  meeting  was  successful  must  depend  upon  the  extent  to  which  the  following 
questions  were  answered. 

1.  Do  aircrew  need  to  be  specifically  selected  to  fly  the  new  generation  aircraft? 

Considerable  effort  is  being  made  to  determine  and  quantify  the  risk  factors  involved.  G- 
stress  effects  are  being  assessed,  as  are  visual  and  hearing  requirements.  Ejection  stress 
loads  are  being  considered.  Progranmes  to  deal  with  the  stress  of  flying  and  airsickness 
continue  to  be  improved  and  developed.  Further  research  will  be  required  before  any 
selection  criteria  can  be  established. 

2.  Bearing  in  mind  the  high  cost  of  training,  do  the  aircrew  medical  standards  for  entry  and 
retention  need  to  be  revised? 

Standards  have  stood  the  test  of  time  and  the  emphasis  has  been  directed  primarily  to  the 
introduction  and  improvement  of  screening  programmes  to  identify  those  at  risk,  if  possible 
at  the  selection  medical  examination.  It  will  take  time  to  prove  these  techniques  but  the 
epidemiological  studies  and  modern  methods  of  data  storage  will  benefit  these  programmes 
significantly. 

3.  Can  aircrew  under  long-term  therapy  for  conditions  such  as  hypertension  continue  to  fly? 
Experience  and  evidence  from  research  is  now  making  it  possible  to  propose  a  return  to 
limited  flying  in  certain  categories  of  disease,  particularly  hypertension  treated  with  beta- 
blockade.  The  effect  on  pilot  performance  of  such  drugs  is  more  difficult  to  quantify  and 
the  decision  as  to  when  to  introduce  beta-blockade  in  the  treatment  of  aircrew  continues  to 
be  a  subject  for  debate. 

The  prime  emphasis  throughout  the  meeting  centred  on  risk  -  both  in  flight  safety  terms  and  to  the 
individual.  Risk  assessment  was  seen  to  have  assumed  much  increased  importance  in  research  and  in 
medical  fitness  to  fly.  While  risk  can  be  estimated  as  a  result  of  medical  research,  the  acceptability 
of  that  risk  can  only  be  assessed,  in  conjunction  with  all  other  risk  factors  in  military  aviation,  by 
the  Air  Staffs. 

Further  research  will  be  required  and  to  obtain  the  most  beneficial  results  the  following 
recommendations  are  made. 

1.  Definitions  and  research  protocols  should  be  standardised. 

2.  To  facilitate  information  exchange,  data  to  be  recorded  should  be  standardised. 

3.  Aircrew  performance  assessment  techniques,  for  use  in  the  study  of  drug  effects,  should 
be  improved  and  developed. 


C  E  SIMPSON 
Group  Captain  RAF 
Ministry  of  Defence,  London 
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PHYSICAL  FITNESS  AND  CARDIOVASCULAR  CAPACITY  -  AN  EPIDEMIOLOGICAL  PROGRAM 

K.  Myhre,  Ph.D.,  E.  Aln®s,  M.D.,  Ph.D.  and  H,  T,  Andersen.  M.D.,  Ph.D. 

Institute  of  Aviation  Medicine,  P.O.  Box  281,  Blindern,  Oslo  3,  Norway. 

Sununary . 

Recent  results  indicate  that  when  a  compulsory  exercise  program  during  initial  flying  and 
military  training  is  changed  to  a  voluntary  regime  the  physical  fitness  of  the  s’  cts 
involved  deteriorates,  due  to  both  weight  increase  and  reduced  maximal  oxygen  intar.e. 

Further  we  have  reason  to  suspect  that  the  high  energy  intake  and  relative  sedate  life 
style  is  continued  for  most  of  the  subjects,  except  for  those  habitually  engaged  in  physi¬ 
cal  activity. 

Consequently,  we  felt  it  was  important  to  obtain  a  longitudinal  survey  of  the  way  of  living 
of  all  personnel  with  flying  status  in  terms  of  diet,  smoking  and  drinking  habits  and  habi¬ 
tual  physical  activity,  in  addition  to  anthropometrical/physiological  parameters  such  as 
weight,  percentage  of  fat,  maximal  aerobic  power,  serum  concentrations  of  triglycerides, 
total  cholesterol  and  HDL  cholesterol.  This  information  is  obtained  fr'^m  each  subject  du¬ 
ring  his  periodical  major  medical  examination  at  the  Institute  of  Aviation  Medicine,  which 
is  every  sixth  year  when  the  subject  is  below  40  yrs  of  age,  otherwise  every  third  year. 

This  program  is  discussed. 

Introduction. 

It  is  generally  assumed  that  low  level  of  physical  activity  and  the  dietary  and  smoking 
habits  of  modern  life  contribute  to  the  development  of  cardio-vascular  diseases. 

Recent  results  obtained  by  us  in  a  population  of  military  personnel  indicate  that 
when  a  compulsory  exercise  regime  during  initial  flying  and  military  training  is  changed 
to  a  voluntary  one,  the  physical  fitness  of  most  of  the  subjects  deteriorated.  This  de¬ 
cline  was  due  to  increased  weight  and  reduced  maximal  O2  uptake.  Moreover,  we  have  re¬ 
cently  had  incidents  of  myocardial  infarction  among  active  pilots.  Characteristically 
these  patients  were  extremely  sedentary,  smoked  excessively  and  their  plasma  lipoprotein 
concentrations  were  increased. 

The  connection  between  plasma  lipoprotein  concentration  and  coronary  heart  disease 
(CHD)  is  well  established.  There  is  good  evidence  that  a  negative  correlation  exists 
between  serum  HDL  cholesterol  levels  and  the  possibility  of  developing  CHD.  Furthermore, 
both  epidemiological  and  experimental  evidence  indicates  that  increased  serum  concentra¬ 
tions  of  LDL  cholesterol  and  VLDL  triglycerides  are  correlated  to  atherosclerosis  (1) . 

Several  factors  may  contribute  in  inducing  changes  of  plasma  lipid  and  lipoprotein 
concentrations.  Increased  levels  of  total  cholesterol  and  triglycerides  with  age  are 
reported  (  2  ,  3 )  . 

[IDL  cholesterol  concentrations  are  ocisitively  ccuTolatcd  with  intake  of  alcohol,  while  the 
reports  concerning  the  relationship  between  HDL  cholesterol  and  both  smoking  and  obesity 
are  conflicting  (3),  Furthermore,  there  is  good  evidence  that  physical  exercise  promote 
changes  in  the  plasma  lipoprotein  pattern.  Very  ac'tive  individual  are  reported  to  exhibit 
higher  concentrations  of  HDL  cholesterol  and  lower  concentrations  of  total  triglycerides, 
and  LDL  cholesterol  than  sedentary  individuals  same  sex  and  age  (3) . 

Program  goal. 

The  program,  which  involves  .j  I )  Air  Force  n^-rsonne)  requiring  medical  classification, 
is  aimed  to  obtain  a  survey  of  the  hablt.s  of  smoking,  drinking  and  physical  activity 
related  to  health  parameters  such  as  w(>ight,  body  fat  content,  maximal  aerobic  newer  and 
serum  concentrations  of  total  ciiolest ero i ,  HDL  and  LDL  cholesterol  and  total  triglycerides. 

This  program  will  make  it  possible  to  intervene  if  an  individual  pattern  should  devel¬ 
op  unfavorably.  Furthermore,  it  is  of  interest  to  compare  the  results  of  our  pilot  popu¬ 
lation  with  results  obtained  in  an  av'crago  Norwegian  population.  There  will  also  be  poss¬ 
ible  to  perform  multivarianco  analysis  of  the  factors  contributing  to  changed  lipoprotein 
patterns . 

Program  design. 

The  survey  is  presently  connected  to  the  major  medical  examination  performed  every 
sixth  year  on  each  individual  below  40  years  of  age,  otherwise  every  third  year.  This  ex¬ 
amination  requires  that  the  subjects  appear  at  the  Institute  of  Aviation  Medicine  where  the 
tests  of  the  present  program  are  performed. 

1.  The  height  and  weight  of  the  subjects,  dressed  in  shorts  only,  are  measured  to  the 
nearest  1  cm  and  100  g  respectively. 

2.  The  assessement  of  the  body  t.it  content  is  based  on  measurements  of  the  thickness  of  4 
skinfolds  on  the  right  side  of  the  body.  The  skinfold  readings  are  performed  at  the 
biceps,  triceps,  subscapular  and  supra-lliac  areas  as  described  by  Diurnin  and  Womersley 
(4),  using  the  Harp*  '.den  skinfold  calipers  (British  Indicator  Ltd,  St.  Albans  Herts). 

The  constants  in  the  regression  equation  used  to  estimate  the  body  density,  is  selected 
according  to  the  age  of  the  subjects,  and  the  body  fat  is  estimated  from  the  body 
density  (4 )  . 

3.  The  maximal  aerobic  power  is  assessed  indirectly  according  to  the  method  of  Astrand  and 
Rhyming,  (6,7).  The  procedure  is  standardized  and  the  work  is  performed  on  an  electro- 
magnetically  braked  bicycle  f'rg<^metor  (Slemens-Elema  380B,  Stockholm,  Sweden). 
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Name 

Date  of  birth 
Rank/Function 

Select  the  most  suitable  alternative. 


habits 


Never  smoked  |  [  .  Stopped  smoking  (  6  months)  '  j  . 

cigarettes  each  day:  0-10  |  |  ,  10-20  1  |  ,  =•  20  |  | 


Number  of 


Physical  activity 


More  than  30  min  continuous  physical  exercise  which  produce  In¬ 
creased  heart  rate  Is  Interpreted  as  training.  How  often  do  you 
train:  Never  □  •  1-2  times  monthly  |  |  .  1-2  times  weekly  I  I  . 

2-3  times  weekly  |  |  .  4-6  times  weekly  I  |. 

Type  of  activity  . 


Diet 

Alcohol:  Two  bottles  of  lager  beer  produce  an  alcohol  concentration 
In  the  blood  of  about  0,05%.  Do  you  have  a  blood  concentration  of 
this  size  more  than  once  a  week  I  I  ,  once  a  week  I  I  ,  less  than 
once  a  week  n .  never  |  |  . 


Coffee/tea:  How  much  do  you  drink  each  day?  0-3  cups  □  ;>•  3  cups 


Meals:  One  hot  meal  each  day  I  I,  2  hot  meals  each  day  1  1.  The  hot 

meal  (s)  Is  (are)  consumed  at  home  |  |,  at  the  base  I  I,  In  a  restaurant  |  | 

combination  of  horae/base  |  |  ,  or  home/restaurant  |  |  . 

Fig.  1.  Questionnaire  used  to  obtain  Information  about  the  subjects' 
life  style. 

An  Inqulery  form  (Fig.  1)  Is  used  to  obtain  Information  about  the  subjects'  smoking 
and  dietary  habits,  and  habitual  physical  activity.  These  forms  are  completed  by 
one  of  the  authors  during  his  examination  of  the  subject. 

Information  about  alcohol  consumption  may  be  Incorrectly  stated  In  this  question¬ 
naire,  because  alcohol  abuse  In  a  subject  might  lead  to  loss  of  his  medical  classi¬ 
fication.  We  have  therefore  limited  the  Inquiry  to  frequencies  of  alcohol  Intakes 
which  will  lead  to  loss  of  the  licence  to  operate  motor  vehicles  In  Norway. 

A  venous  blood  sample  Is  obtained  from  each  subject  In  fasting  condition  (12  hours) . 

The  serum  concentrations  of  total  cholesterol,  HDL  cholesterol  and  triglycerides  are 
analyzed  using  the  Biochemical  Test  Combinations  of  Boehrlnger  Mannheim  GmbH  (West- 
Germany) .  The  accuracy  Is  within  3%.  The  LDL  fraction  of  the  serum  cholesterol  was 
estimated  according  to  the  "Frledewald  Equation"  (7). 
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Preliminary  results 

The  program  was  initiated  January  1980  and  at  the  present  time  only  58  subjects 
have  been  excimlned.  Thus  it  is  important  to  note  that  due  to  the  small  number  of 
subjects  the  results  may  only  be  indicative. 

The  treatment  of  the  results  was  performed  by  an  IBM  370/148  computer,  employing 
the  statistical  package  BMDP-77,  University  of  California. 

Principally  we  studied  how  the  serum  lipoprotein  concentration  was  related  to  the 
age  of  the  subjects. 
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Fig.  2.  Serum  total  cholesterol  related  to  the  age  of  the  subjects.  The  regression 
line  is  calculated  according  to  the  method  of  the  least  quadrates.  The  big 
symbols  depict  average  concentrations  in  a  Norwegian  population  of  men. 

The  serum  cholesterol  concentration  is  positively  correlated  (r=0.631)  to  the  age 
of  the  subjects,  although  the  results  are  scattered.  Between  the  age  of  20  and  25  years 
most  of  the  subjects  have  cholesterol  concentrations  below  the  5,1  mmol/1,  obtained  in 
the  Troms0  Heart  Study  1979/80  (D.S.  Thelle,  ners .  comm.)  on  men  in  the  same  age  group, 
and  regarded  as  a  population  average.  This  fairly  favorable  initial  condition  does  not 
seem  to  persist  Inasmuch  as  the  older  subjects  (45-49  years)  have  reached  the  concentra¬ 
tion  of  6.5  mmol/1  which  is  average  for  a  Norwegian  population  of  the  same  age. 
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Fig.  3.  Serum  HDL  cholesterol  concentrations  related  to  the  age  of  the  subjects. 

The  HDL  cholesterol  concentrations  of  the  young  subjects  (Fig.  3)  coincided  well 
with  the  population  average  of  1.4  mmol/l.  However,  the  older  subjects  have  slightly 
reduced  HDL  cholesterol  concentrations,  contrasting  previous  reports  (3) . 
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Fig.  4.  Serum  LDL  cholesterol  concentrations  related  to  the  age  of  the  subjects. 

This  unfavourable  development  with  age  Is  also  apparent  when  the  LDL-cholesterol 
concentrations  are  estimated  (Fig.  4) .  As  shown  In  figure  4  there  Is  a  rising  trend 
and  many  have  concentrations  above  3.9  mraol/1.  This  level  might  be  considered  clinically 
unfavorable. 

The  triglyceride  concentrations  obtained  in  the  Troms0  Heart  Study  was  1.51  mmol/1 
in  the  youngest  group  20-24  years)  and  1.83  mmol/1  in  the  oldest  group  (45-49  years), 
however,  these  subjects  were  non  fasting.  As  shown  in  Fig.  most  of  the  subjects  of 
the  present  study  exhibited  lower  concentrations. 
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Fig.  5.  Serum  total  triglyceride  concentration  related  to  the  age  of  the  subjects. 

Since  these  preliminary  results  generally  indicate  an  unfavourable  development  with 
age  with  regard  to  CHD  risk  factors,  it  would  be  interesting  to  investigate  if  there  is 
a  change  in  life  style  with  age. 


No.  of  cigarettes 
each  day 

Alcohol  cone,  in 

blood  above  0.0SX 
Tlmes/weak 

Weekly  no.  of 
exercise  bouts 

0 

>20 

<  1 

>  1 

2-  3 

0 

Age 

(]years) 

25.8 

46.5 

27.1 

31.1 

23.6 

434 

S.E.M. 

2.1 

2.5 

2.0 

3.1 

14 

4.0 

Fig.  6.  This  table  depicts  the  average  age  (-  S.E.M.)  of  the  subjects  separated  in  sub¬ 
groups  according  to  their  smoking  and  drinking  habits,  and  habitual  physical 
activity. 
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Fig.  6  lists  the  average  age  of  the  subjects,  separated  according  to  their  habitual 
physical  activity,  smoking  and  drinking  habits.  As  demonstrated  in  the  figure  there  is 
a  uniform  trend  towards  the  oldest  subjects  smoking  and  drinking  more  and  exercise  less. 

Although  the  pathology  of  CHD  is  roultifactorlal  the  results  Indicate  Increased  risk 
with  age  in  the  present  group.  In  order  to  reduce  this  development  of  CHD  risk  factors  all 
subjects  should  be  repeatedly  urged  to  modify  their  smoking  and  dietary  habits  and  Increase 
their  level  of  physical  activity.  The  present  results  might  Indicate  that  when  subjects 
who  exercise  2-3  times  each  week  are  compared  to  those  who  never  exercised,  the  exercising 
subjects  tended  to  have  lower  weight  and  fat  content,  lower  concentrations  of  total  choles¬ 
terol,  LDL  cholesterol,  triglycerides  and  higher  concentrations  of  HDL  cholesterol.  These 
results  are  not  corrected  for  age,  which  will  be  possible  when  the  number  of  subjects  are 
increased.  We  believe,  however,  that  each  person  has  to  reconsider  his  own  life  situation, 
and  decide  on  measures  which  is  a  combination  of  smoking  and  dietary  adjustments  and  in¬ 
creased  physical  activity.  It  is  interesting  to  note  that  Hickey  et  al.  (8),  who  screened 
15  171  men  for  coronary  risk  factors  as  part  of  the  Irish  Heart  Foundation  MEDISCAN  program¬ 
me,  found  decreasing  levels  of  risk  factors  with  increasing  leisure  activity.  Independent 
of  age.  No  such  relationship  was  found  in  the  case  of  work  activity.  This  finding  might 
indicate  that  the  exercising  group  of  subjects  generally  live  more  healthy,  in  terms  of 
smoking  and  dietary  habits.  However,  if  this  is  caused  by  the  exercise,  or  if  the  general¬ 
ly  better  health  make  exercise  more  attractive  for  these  subjects,  might  be  a  problem  of 
future  investigation. 
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CHANGES  IN  PHYSICAL  FITNESS  DUE  TO  VARIATIONS 
IN  PHYSICAL  ACTIVITY  AND  DIET 
By 

Harald  T.  Andersen  and  Kjell  Myhre 
Royal  Norwegian  Air  Force  Institute  of  Aviation  Medicine 

The  young  males  who  apply  for  military  flying  training  may  be  profitably  used  in  long  term 
studies  of  disease  processes:  Selection  takes  place  at  an  age  when  most  candidates  enjoy 
the  good  health  and  vitality  of  early  youth.  During  the  screening  procedures  their  psycho¬ 
logical  and  physiological  fitness  are  evaluated,  and  the  applicants  are  interviewed  by  ex¬ 
perienced  and  high  critical  officers  before  they  are  accepted.  Moreover,  successful 
applicants  are  subjected  to  a  careful  medical  examination  in  order  to  exclude  anyone  with  a 
bodily  disorder.  Finally  those  retained  for  advanced  training,  have  demonstrated  a  deter¬ 
mined  effort  to  pusue  a  career  in  military  aviation.  Since  the  investments  in  these  med  are 
to  be  considerable,  and  incidents  of  ill  health  are  costly  -  a  possible  hazard  to  the  corn- 
unity  in  general  as  well  as  a  personal  nuisance  -  they  are  placed  under  contlnous  medical 
care  throughout  their  flying  careers.  Under  such  circumstances  one  would  expect  an  excep¬ 
tionally  good  health  profile  among  military  aviators  at  the  varies  age  levels  compared  to 
that  of  the  population  in  general.  In  our  experience,  this  assumption  may  not  be  correct. 

It  would  be  of  great  interest,  therefore,  to  try  to  determine  at  what  age  military  aviators 
start  to  exhibit  signs  of  deteriorating  health. 

At  the  Institute  of  Aviation  Medicine  of  the  Royal  Norwegian  Air  Force  (lAM,  RNoAP) 
this  question  emerged  approximately  10  years  ago,  when  it  was  noticed  that  young  pilots 
returning  from  basic  and  advanced  flying  training  in  North-America ,  seemed  to  have  put  on 
weight  beyond  the  predictions  one  would  make  from  the  standard  tables  of  corresponding 
values  for  height  and  weignt  which  are  available  for  the  Norwegian  population.  Since  an 
exercise  electrocardiogram  already  at  that  time  was  routinely  performed  on  air  crew  of  the 
RNoAF  before  and  after  the  training  period  in  North-America,  it  was  diclded  to  objectively 
address  this  problem  in  some  detail.  If  it  is  accepted  that  a  net  gain  body  weight  with 
no  simultaneous  increase  in  aerobic  capacity  is  usually  a  sign  of  obesity  with  undesirable 
ohysloloqlcal  consequences,  such  a  finding  would  be  interpreted  as  an  early,  but  neverthe¬ 
less,  serious  sign  of  physical  degeneration  in  young  air  crew. 

Cardiovascular  diseases  are  known  to  be  the  most  common  cause  of  disability  or  death  in 
middle-aged  Norwegian  males.  Several  risk  factor  analyses  with  10  to  15  thousand  indivi¬ 
duals  participating  Indicate  that  the  high  risk  groups  may  be  identified  already  at  an 
early  stage.  Therefore,  a  finding  of  decreased  physical  fitness  has  betn  tentatively 
defined  is  the  starting  point  of  a  process  eventually  leading  to  impaired  health. 

Material  and  Method.". 

During  tie  5-year  period  1972-77  122  young  pilots  and  navigators  of  the  RNoAF  were  examined 
on  3  separat"  noeaslons.  First,  when  selected  for  initial,  graded  flying  and  military 
training  (Stage  I).  Second,  immediately  before  leaving  Norway  to  be  trained  to  Wing 
•Standars  In  North-America  (Stage  II).  Third,  upon  their  return  to  Norway  (Stage  III). 

The  average  age  of  the  subjects  when  joining  the  RNoAF  was  20.4  ~  1.3  years  (S.D.).  All 
subjects  met  with  the  medical  requirements  of  the  RNoAF,  and  equally,  those  of  the  host 
nation.  The  body  weight  was  determined  to  the  nearest  500  g. 

The  maximal  aerobic  power  (Vg^  max  per  kg  body  weight)  was  assessed  from  a  single  submaxlmal 
work  load  on  a  bicycle  ergometer  utilizing  the  heart  rate  with  the  Astrand-Rhyming  nomogram 
(Aatrand  and  Ryhmlng  1954).  The  bicycle  ergometer  was  electromagnetlcally  braked  (Siemens- 
Elema  380  B,  Stockholm,  Sweden).  The  pedalling  rate  was  60  rotations  ner  minute.  The  bi¬ 
cycle  seat  height  was  adjusted  to  suit  each  of  the  subjects.  The  subjects  were  dressed  in 
shorts,  and  the  room  temperature  maintained  between  18°C  and  20°C. 


The  ECG  was  registered  on  a  multichannel  recorder  (Elema-Sch/nander  Mingograph  34)  and  con 
tinuously  displayed  on  a  oscilloscope.  The  Indifferent  ECG  electrode  was  strapped  into  the 
forehead  while  6  monopolar  electrodes  recorded  the  precordial  ECG  at  conventional  sites  on 
the  chest.  To  familiarize  the  subjects  with  the  bicycle,  the  load  was  initially  set  at 
100  W  the  heart  rate  (HR)  observed  during  2-3  min  of  exercise.  The  load  was  then  adjusted 
so  that  the  HR  after  6  min  of  bicycling  would  fall  within  the  range  of  130-160  beats  per 
min.  The  HR  was  accepted  as  stable  if  it  differed  by  less  than  5  beats/min  in  the  5.  and 
6.  minute  of  testing.  The  average  of  these  two  values  was  ta]cen  as  the  final  HR  of  the 
wor)c  period.  Otherwise  the  tast  was  continued  until  the  al>ove  criteria  were  established. 

The  predicted  maximal  oxygen  uttalce  was  corrected  for  age  according  to  Astrand  {I960)  . 
Student's  t-test  was  used  for  statistical  treatment  of  the  results,  and  p  0.05  was  re¬ 
graded  as  significant. 

Results . 

Previous  to  service  in  the  RNoAF  most  subjects  were  attending  high  school/college,  where 
organized  physical  activity  is  compulsory.  The  average  maximal  oxygen  upta)ce  of  the  subjects 
at  the  time  of  entering  the  service  (Stage  I)  was  3.2  -  0.1  1  min  ^  (S.E.M.),  the  average 
weight  was  71.5  -  0.6  )cg  (S.E.M.)  and  the  mean  aerobic  power  was  45.0  -  0.8  ml  min  ^  S.E.M.) 

During  the  next  10.0  -  0.2  months  (S.E.M.)  the  trainees  underwent  basic  military  trairing 
which  Included  2  wee)cly  hours  endurance  training  (running)  for  about  8  weelcs.  During  the 
following  flying  period  of  about  10  wee)cs,  they  were  subjected  to  no  organized  physical 
activity.  During  the  remaining  period  of  about  21  wee}cs  they  underwent  officer  training 
which  included  on  the  average  5  hours  of  endurance  exercise  (running)  every  weelc.  Averaged 
for  this  whole  period  of  10  months,  3  hours  per  week  used  for  enduranse  exercise,  to  which 
the  physical  activity  of  regular  Infantry  training  has  to  be  added.  At  the  end  of  this 
oeriod  (stage  II)  the  average  weight  had  Increased  to  72.6  -  0.6  kg  (S.E.M.).  However,  this 
gain  in  body  weight  was  not  significant.  The  maximal  0^  uptake  however,  had  increased  signi¬ 
ficantly  (p  0.001)  by  9.4%  to  3.5  -  0.1  1  min  and  the  maximal  aerobic  power  by  6.2%  to 
47.8  -  0.7  ml  min  "^kg  (p  0.005). 

During  the  following  11.6  -  0.1  months  (S.E.M.)  the  pilot  trainees  underwent  basic  flying 
training  in  North  America.  During  this  period  all  physical  activity  was  voluntary.  With 
a  consequent  drop  in  the  number  of  participating  trainees.  Upon  returning  to  Norway 
(Stage  III)  their  average  weight  had  increased  significantly  to  74.6  -  0.7  kg  (S.E.M.) 

(p  0.005).  Moreover,  the  average  maximal  uptake  had  become  reduced  significantly  to 
the  initial  value  of  Stage  I  3.2  i  0.1  1  rain  (S.E.M.)  (p  0.005  and,  consequently, 
the  maximal  aerobic  power  had  decreased  significantly  by  7.7%  to  44.1  -  0.6  ml  min  kg 
(S.E.M.)  (p  0.001)  which  is  slightly  below  the  Stage  1  value. 

Changes  in  dietary  habits  were  Inquired  about  upon  the  return  to  Norway  (Stage  III)  .  Al¬ 
though  hard  facts  obviously  cannot  be  presented,  the  information  obtained  strongly  in¬ 
dicated  that  the  food  Intake  had  Increased  in  amount  as  well  as  towards  consumption  of 
foods  characterized  by  a  high  content  of  carbohydrates  and  fat. 

Conclusions! 

The  investigation  reported  in  this  paper  has  recently  been  expanded  conciderably  in  the 
health  prof ite programme  of  the  RHoAF  Institute  of  Medicine.  Also,  the  procedures  have 
been  reviewed  and,  hopefully.  Improved  in  order  to  launch  a  more  well  controlled  study. 
However,  it  seems  safe  to  conclude  already  at  this  stage  that  when  programmes  of  com¬ 
pulsory  exercise  is  abolished  and  the  diet  simultaneously  undergoes  a  marked  change  in  an 
undesirable  direction,  physical  fitness  deteriorates  very  rapidly  with  consequent  bodily 
degeneration. 

Moreover,  it  is  our  experience  that  subjects  conspicuously  affected  do  little  to  imorove 
their  way  of  life,  with  the  prospect  of  ending  up  in  the  high  risk  group  for  cardio¬ 
vascular  desease  already  10-15  years  after  having  achieved  Wing  Standards.  Unless 


checked  by  appropriate  regulations  it  apnears  that  what  looks  like  an  insignificant 
episode  in  early  life,  may  be  the  foundation  of  a  considerable  waste  of  air  crew. 
Fig.  1. 
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Fig.  1.  Body  weight,  maximal  oxygen  uptake  and  maximal  aerobic  oower  of  the  subjects  at  the 
time  of  entering  the  service,  before  basic  flying  training  in  North  America  and 
upon  returning  to  Norway.  The  vertical  bars  depict  standard  error  of  the  mean. 
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DISCUSSION 


DR  W  S  MYLES  (CA) 

Values  for  VO2  max.  indicate  Chat  the  test  subjects  had  a  very  narrow  range  of  values.  Is  this  a 
result  of  the  selection  process? 

AUTHOR 

A  narrow  range  for  VO2  max.  resulted  for  two  reasons: 

1.  The  figures  given  are  the  mean  and  standard  error  of  the  mean. 

2.  Sampling  was  done  from  an  homogenous  population. 
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SUMMARY 

Increased  +G  stress  demands  continue  to  be  placed  on  modern  high  performance 
fighter  aircraft  pilots.  Precise  definition  of  normal  +G  tolerance  along  with  a  full 
understanding  of  the  physiologic  and  anatomic  factors  that  influence  +G  tolerance  is 
therefore  of  increasing  importance.  If  certain  subtle  medical  abnormalities  are  associ¬ 
ated  with  altered  +G  tolerance  it  will  be  necessary  to  develop  diagnostic  methods  to 
evaluate  these  abnormalities,  to  find  in  what  way  they  affect  +G  tolerance,  and  further 
for  medical  standards  to  recognize  the  limitations.  With  the  colt  of  fighter  aircraft 
becoming  tremendously  high,  along  with  the  associated  high  cost  of  training  aviators  to 
fly  them,  it  will  become  more  important  to  assure  safety  by  selecting  only  those  individ¬ 
uals  most  suited  to  tolerate  the  multistress  environment  of  the  fighter  aircraft.  If 
measureable  parameters  are  associated  with  increased  +6  tolerance,  it  might  be  possible 
in  the  future  to  establish  high  performance  fighter  aircraft  selection  standards  so  that 
a  group  of  aviators  with  super  high  +G  tolerance  could  be  selected  to  maintain  air 
superiority.  Initial  studies  measuri ng^the  +G  tolerance  of  59  USAF  aircrewmen  undergoing 
aeromedical  evaluation  were  made  on  the  USAF  School  of  Aerospace  Medicine  (USAFSAM)  human 
centrifuge  using  a  specific  centrifuge  stress  medical  evaluation  protocol.  Specific 
clinically  measurable  parameters  were  found  to  be  associated  with  +G  tolerance.  In 
addition,  the  use  of  the  centrifuge  stress  medical  evaluation  protocol  to  detect  medically 
significant  cardiac  dysrhythmias  was  investigated.  The  types  of  dysrhythmias  and  their 
tine  of  onset  give  added  Insight  into  the  physiologic  response  of  man  to  +G  stress. 


INTRODUCTION 

Today's  military  aircrewmen  represent  large  financial  investments  because  of  their 
expensive  training,  continual  education,  and  on-the-job  experience,  all  of  which  con¬ 
tribute  to  making  them  the  most  valuable  manpower,  on  a  per-capita  basis,  in  our  society 
(1,2).  For  this  reason,  every  effort  should  be  made  to  retain  aircrewmen  if  they  have 
normal  clinical  evaluations  and  are  not  judged  medically  to  be  at  increased  risk  for 
sudden  Incapacitation.  The  question  of  what  normal  really  is  frequently  becomes  a 
perplexing  problem,  especially  when  it  is  necessary  to  subject  these  aircrewmen  to 
uniquely  stressful  environments. 

Modern  high  performance  combat  fighter  pilots  are  being  subjected  to  an  ever  in¬ 
creasing  mentally  and  physically  stressful  aerial  combat  environment.  Medical  standards 
must  recognize  that  the  new  fighter  aircraft  can  exceed  the  +G  tolerance  of  even  a 
completely  healthy  pilot.  Standards  must  also  prevent  an  individual  with  an  altered 
tolerance  to  this  type  of  stress  from  being  placed  at  undue  risk.  To  aid  establishment 
of  medical  standards  for  high  performance  fighter  aircraft  pilots  we  have  evaluated 
aircrewmen  with  subtle  medical  irregularities  on  the  USAFSAM  human  centrifuge  using  a 
centrifuge  stress  medical  evaluation  protocol  (3)  to  determine  if  their  condition  was 
specifically  ^G  -sens  i  1 1  v e .  To  assure  non  tG  sensitivity  the  aircrewman  must  have  an 
acceptable  minifflum  +G^  tolerance  and  also  not^manifest  any  clinically  significant  cardiac 
dysrhythmias  or  other  symptoms.  It  is  of  additional  interest  to  determine  if  certain 
clinically  measurable  parameters  are  associated  with  enhanced  +G  tolerance,  such  that 
future  fighter  pilot  selection  standards  could  be  designed  to  select  Individuals  with 
very  high  +G  tolerance  (4).  The  usefulness  of  the  centrifuge  stress  medical  evaluation 
protocol  in  the  clinical  evaluation  of  cardiac  dysrhythmias  and  the  frequency  of  occurr¬ 
ence  of  dysrhythmias  during  +G  stress  was  also  investigated.  The  type  of  dysrhythmia 
and  it’s  relationship  to  the  application  of  the  +G  force  gives  information  on  the 
physiologic  response  to  +G  -stress.  A  comparison  of  the  centrifuge  stress  test  to  the 
usual  clinical  methods  of  dysrhythmias  detection  (treadmill  testing  and  Holter  monitoring) 
wa  s  made . 


METHODS 

G-tolerance  Study:  Certain  a i rcrewmembers  undergoing  aeromedical  evaluation  at  the 
Cl  i  n  1  ca  1  Sciences  Division  of  USAFSAM  have  been  referred  for  centrifuge  testing  in  an 
effort  to  determine  If  their  medical  condition  was  sensitive  to  +G  .  Fifty-nine  male 
a i rcr ewmember s  undergoing  clinical  aeromedical  evaluation  were  tesVed  on  the  human 
centrifuge  utilizing  a  specific  medical  evaluation  protocol  consisting  of  four  profiles 
as  shown  in  Table  I.  The  centrifuge  configuration  and  testing  procedures  have  been 
described  In  detail  (3,  5).  The  endpoint  in  determining  all  +G  tolerance  was  lOOT 
peripheral  light  loss  or  50%  central  light  loss.  The  patients  did  not  wear  antl-G 
suits. 

The  results  of  the  centrifuge  test  include  fG  tolerance,  maximal  heart  rate  res¬ 
ponse,  and  the  electrocardiographic  response  to  each  profile.  The  centrifuge  test 
results  were  correlated  with  the  results  of  the  coincident  clinical  evaluation  being 


carried  out.  Clinical  parameters  were  obtained  from  the  procedures  shown  in  Table  II. 

The  treadmill  exercise  test  was  carried  out  using  the  USAFSAM  protocol  (6).  The  majority 
of  the  patients  undergoing  centrifuge  testing  fall  into  six  diagnostic  categories  as 
shown  in  Table  III.  The  +G  tolerance  data  for  the  total  group  of  medical  evaluatees 
and  for  the  six  medical  subgroups  are  shown  in  Table  IV.  The  remaining  three  subjects 
not  included  in  the  medical  subgroups  were  two  patients  with  ophthalmologic  abnormalities 
and  one  patient  with  a  history  of  thromboembolic  disease.  These  diagnoses  were  the 
referral  diagnoses,  representing  the  aeromedical  reason  why  those  patients  were  undergoing 
clinical  evaluation  at  USAFSAM. 

Dysrhythmia  Study:  To  evaluate  the  effectiveness  of  the  medical  evaluation  protocol 
in  the  evaluation  of  dysrhythmias,  three  groups  of  20  subjects  each  were  selected. 

Twenty  healthy  volunteer  USAF  subjects,  who  were  members  of  the  USAFSAM  acceleration 
stress  panel  constituted  one  group.  The  other  two  groups  each  consisted  of  20  apparent! y 
healthy  asymptomatic  aircrewmen  undergoing  aeromedical  evaluation  at  USAFSAM.  The 
first  clinical  group  was  composed  of  individuals  undergoing  evaluation  for  a  recently 
discovered  dysrhythmia  (dysrhythmia  patients);  and  the  second  clinical  group,  of 
individuals  without  a  primary  referral  diagnosis  of  dysrhythmia  ( non -dy sr hyt hm i a  patients). 
This  second  group  consisted  of  individuals  with  very  mild  aortic  or  mitral  valvular 
abnormalities,  abnormal  exercise  tolerance  tests,  hypertension,  or  unexplained  loss  of 
consciousness.  None  of  the  patients  were  symptomatic  and  all  considered  themselves  to 
be  in  excellent  health. 

The  two  groups  of  aeromedical  evaluation  subjects  all  underwent  +G  stress  testing 
using  only  the  medical  evaluation  protocol.  The  group  of  panel  members^was  subjected 
to  routine  +G-stress  profiles  used  at  USAFSAM  including  the  aeromedical  protocol  and 
in  addition  to  various  more  strenuous  high  sustained  G-stress  runs  (such  as  simulated 
aerial  combat  maneuvers).  Anti-G  suits  were  worn  by  all  panel  members  except  those 
exposed  only  to  the  aeromedical  protocol.  The  maximal  +G  level  in  all  exposures  was 
1 imi ted  to  *20^ . 

In  addition  to  electrocardiographic  monitoring  during  the  centrifuge  G-stress  all 
subjects  were  monitored  during  maximal  treadmill  exercise  stress  testing  and  during  24- 
hour  ambulatory  Holter  monitoring.  The  Holter  monitor  was  worn  24  hours  immediately 
following  both  treadmill  and  acceleration  stress.  The  panel  members  additionally  wore 
the  Holter  monitor  for  the  24  hours  immediately  preceding  the  +G  stress.  For  Holter 
monitoring,  a  single  V,-like  lead  system  was  used,  as  prev i ousl y ^advoca ted ,  to  facili¬ 
tate  the  identification  of  ectopic  beats  (7).  The  recordings  were  analyzed  using  an 
Avionics  660A  scanner  capable  of  review  up  to  120  times  real  time.  All  treadmill  tests 
were  performed  in  the  morning,  before  12:00  after  an  overnight  fast.  All  centrifuge 
tests  were  performed  in  the  a^ernoon,  between  1:00  and  4:00  pm  with  a  minimum  of  two 
hours  passing  between  the  last  meal  and  the  acceleration  exposure.  Not  only  were  all 
subjects  counseled  about  ensuring  comparable  activities  before  and  after  both  stress 
tests,  additionally  a  diary  was  kept  of  all  psychophys i ol ogl ca 1  events.  Statistical 
analysis  using  two-tailed  unpaired  t-tests  were  performed  in  comparing  the  results  of 
the  three  groups.  Two-tailed  paired  t-tests  were  used  to  compare  results  of  the  two 
different  stress  tests  within  a  group. 


RESULTS 

G-tolerance  Study;  Although  no  statistically  significant  differences  based  on 
Student's  t  test  were  found  when  comparing  the  +G  tolerance  data  for  the  medical 
subgroups,  a  consistent  trend  was  noted  for  two  or  the  subgroups.  The  hypertensive 
subgroup  was  found  to  be  consistently  higher  than  the  mean,  and  the  abnormal  exercise 
test  group  was  consistently  lower  than  the  mean.  The  remainder  of  the  subgroups  were 
found  to  have  mixed  +G  tolerance  trends.  Additional  clinical  parameters  associated 
with  the  hypertensive  Subgroup  included  the  highest  heart  rates  pre-centrifuge  testing, 
the  highest  heart  rates  during  maximal  treadmill  exercise  testing,  the  most  flying 
hours,  the  highest  systolic  blood  pressure  during  maximal  treadmill  exercise  testing, 
and  the  greatest  percent  body  fat.  The  abnormal  exercise  test  subgroup  consisted  of 
patients  with  an  abnormal  response  (Ischemic,  hypertensive  or  arrhythmic)  to  an  exercise 
stress  test  (double  Master's  or  treadmill  exercise  tests).  The  abnormal  exercise  test 
subgroup  was  lowest  in  gross  body  weight  and  highest  in  age. 

Based  on  previous  +G  tolerance  standards,  the  overall  group  was  essentially 
identical  in  mean  +G  tolerance  to  a  larger  group  of  medical  evaluatees  (8)  and  to 
healthy  USAF  aircrewmen  (9).  The  complete  set  of  +G  tolerance  standards  are  shown  in 
Table  V.  The  corresponding  heart  rate  standards  for^the  profiles  are  shown  in  Table 
VI.  Both  the  heart  rate  response  standards  and  the  *6^  tolerance  standards  are  based 
on  the  mean  for  the  overall  group  ♦  1  S.D. 

Utilizing  these  standards,  only  5t  (3  of  59)  of  the  patients  in  the  study  demonstrated 
consistently  high  +8  tolerance  on  all  four  test  profiles.  Likewise,  only  5%  demonstrated 
consistently  low  +8^  tolerance.  Consistently  average  +G  tolerance  was  seen  in  29%  (17 
of  59)  of  the  patients,  while  the  remaining  61%  had  a  mixed  +6^  tolerance. 


In  an  effort  to  determine  if  certain  clinical  parameters  were  as  ociated  with  high 
or  low  +6  tolerance,  the  group  of  59  patients  was  divided  into  hi  h  t  .d  low  +G 
tol erance^groups  based  on  the  above  standards.  The  high-toleran  gro  (HTG)  consisted 
of  10%  of  patients  with  highest  overall  +G  tolerance  and  the  low-toler,  ce  group  (LTG) 


the  10‘  of  patients  with  the  lowest  overall  +G  tolerance.  The  means  for  the  HTG  and 
the  LTG  compared  to  the  overall  +G^  tolerance  Standards  are  shown  in  Table  VII. 

The  clinical  parameters  for  the  HTG  and  LTG  were  then  compared  as  shown  in  Table 
Vlll.  Other  associated  clinical  findings  for  the  HTG  and  LTG  are  given  in  Table  IX  as  a 
fraction  of  the  total  (6)  in  each  group. 

Dysrhythmia  Study:  The  characteristics  of  the  three  subject  groups  for  the  dys¬ 
rhythmia  study  are  shown  in  Table  X.  The  panel  members  were  younger  (ps.OOl)  and 
shorter  (p<0.01),  as  a  group,  when  compared  to  the  two  patient  groups.  Most  of  the 
panel  members  were  young  enlisted  airmen  stationed  at  Brooks  AFB.  The  patient  groups 
were  aircrewmen,  nearly  all  officers  already  having  undergone  specialized  pilot  or 
navigator  training.  No  statistically  significant  differences  existed  between  the  two 
patient  groups.  A  description  of  the  relative  stress  during  the  centrifuge  test  and 
*he  treadmill  exercise  test  are  shown  in  Table  XI.  No  statistically  significant  differ¬ 
ences  were  found  between  the  groups,  either  on  maximal  time  or  maximal  heart  rate, 
during  treadmill  stress.  The  centrifuge  test  results  revealed  that  the  stress  panel 
was  exposed  to  significantly  higher  G  -stress  (psO.OOl),  of  +7.0G  ,  as  compared  to 
♦5.3G  and  +5.4g  for  the  patient  groOps.  This  greater  res ul t a n t^ s t r e s s  produced  a 
significantly  higher  heart  rate  (p<0.001)  for  the  stress  panel  as  compared  with  that  of 
the  patient  groups.  No  statistically  significant  difference  was  found  between  the 
maximal  heart  rate  for  the  stress  panel  members  during  treadmill  testing  and  centrifuge 
testing,  based  on  a  two-tailed  pa  i  red  t-test.  Statistically  significant  differences 
(psQ.OQl),  found  between  the  centrifuge  test  maximal  heart  rates  and  the  treadmill 
maximal  heart  rates  for  both  patient  groups,  revealed  a  higher  heart  rate  during  tread¬ 
mill  testing. 

Heart  rate  analysis  was  carried  out  for  each  of  the  Holter  monitoring  periods.  In 
no  case  was  there  a  significant  difference  (two-tailed  paired  t-test)  in  the  heart 
rates  during  any  similar  6-hour  subdivision,  when  comparing  the  24  hours  post-treadmill 
with  the  24  hours  post-centrifuge,  for  either  the  stress  panel  members  or  the  patient 
groups.  No  differences  were  found  when  comparing  the  pre-and  pos t -c ent r i f uge  stress 
test  24-hour  periods  for  the  stress  panel  members.  Holter  monitoring  periods  varied 
between  means  of  20.9  hours  and  22.3  hours. 

Dysrhythmia  analysis  was  performed  for  each  stress  period  and  all  Holter  monitor 
periods.  The  dysrhythmias  are  listed  for  each  group  in  Table  XII.  The  atrial  dys¬ 
rhythmias  consisted  of  premature  atrial  contractions,  ectopic  atrial  rhythm,  sinus 
arrhythmia  (rate  variance  25  bpm  or  more  between  successive  beats),  sinus  bradycardia 
(50  bpm  or  less)  and  atrial  tachycardia.  Junctional  dysrhythmias  included  premature 
Junctional  contractions  and  supraventricular  tachycardia.  Ventricular  dysrhythmias 
were  divided  into  ventricular  I,  which  included  simple  premature  ventricular  contractions 
(less  than  5/min),  whereas,  ventricular  II  consisted  of  frequent  or  multiform  premature 
ventricular  contractions,  ventricular  bigeminy  or  trigeminy,  ventricular  pairing,  and 
ventricular  tachycardia.  The  dysrhythmias  in  Table  XII  are  given  as  the  percentage  of 
subjects  in  which  a  particular  dysrhythmia  occurred  as  compared  to  the  total  number  of 
subjects  in  a  group.  Due  to  the  wide  range  and  few  similarities,  the  dysrhythmias  were 
not  quantified  as  to  the  total  number  of  ectopic  beats  or  the  number  of  ectopic  beats 
per  number  of  normal  beats  that  occurred.  They  are  given  only  as  whether  or  not  one  or 
more  ectopic  beats  occurred  during  each  time  period,  such  as  the  time  period  of  the 
treadmill  testing,  the  time  period  of  the  24-hour  post-treadmill  Holter  monitoring,  or 
the  time  period  of  the  centrifuge  testing.  A  comparison  of  the  consistency  of  the  time 
of  occurrence  for  the  dysrhythmias  is  given  in  Table  Xlll.  This  table  lumped  all 
dysrhythmias  together  and  makes  no  distinction  as  to  the  exact  type  of  dysrhythmia 
which  occurred. 


DISCUSSION 

The  evaluation  o*  G-sensitive  aircrewmen  using  the  centrifuge  medical  evaluation 
protocol  has  been  described.  The  variability  in  +G-tolerance  and  heart  rate  response 
associated  with  each  of  the  profiles  has  been  determined  (8).  The  standard  deviations 
in  +G-tolerance  that  can  be  expected  when  using  the  profiles  are  G0R(1)=0.38G, 

R0R( PASS)=0.22G  ,  G0R(2)=0.34G  ,  and  G0R(S)=0.39G  .  The  standard  deviations  ih  the 
maximum  heart  f^r  each  profile^are  G0R( 1 ) =1 1 bpm  ,  ^0R( PASS) =8bpm  ,  GOR(2)=8bpm,  and 
G0R(S)=8bpm.  The  medical  evaluation  protocol  is  used  to  measure  + G^ - 1 o 1  era nc e  and  to 
determine  possible  sensitivity  to  *0  induced  cardiac  dysrhythmias.  Case  reports 
describing  the  association  of  G-induCed  loss  of  consciousness  and  certain  dysrhythmias 
demonstrate  the  usefulness  of  G-induced  dysrhythmia  analysis  (9,10). 

G-tolerance  Stud^yj^  Correlation  of  the  +G  tolerance  with  clinical  diagnoses  and 
clinically  measurable  physiologic  and  a na tom i c ^ pa rame t er s  provides  a  unique  opportunity 
to  gain  a  more  thorough  understanding  of  the  factors  that  affect  the  human  response  to 
♦G  stress.  The  cost  of  high-performance  aircraft  is  astronomical  and  rises  every  year. 
Aerial  combat  in  these  aircraft  produces  a  severe  multi-stress  environment  for  aviators. 
For  these  reasons  it  is  possible,  that,  in  the  very  near  future,  specific  qualifications 
will  be  placed  on  aircrewmen  selected  to  fly  this  type  of  aircraft.  Current  U5AF 
flying  status  is  unconditional,  since  an  aircrewman  medically  qualified  to  fly  is 
medically  qualified  to  fly  all  USAF  aircraft.  If  certain  subtle  medical  abnormalities 
compromise  fG  tolerance,  then  specific  selection  and  waiver  criteria  should  reflect 
this  compromised  function.  This  could  mean  that  a  pilot  might  be  retained  to  fly  all 
aircraft  except  the  high-performance  fighter  aircraft  capable  of  producing  high  +G^. 

Although  no  specific  medical  subgroup  unequivocally  demonstrated  an  altered  +G^ 
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tolerance,  certain  trends  for  future  Investigation  have  been  identified.  At  present, 
certain  clinical  parameters  do  appear  to  be  associated  with  high  +G  tolerance,  these 
are  not  necessarily  optimum  attributes  for  a  high-performance  fighter  aircraft  pilot. 

The  relaxed  +G  tolerance  in  healthy  men  (11)  was  shown  to  be  positively  correlated 

with  age  (for  ROR's)  and  with  age  and  weight  (for  GOR's).  Although  not  statistically  * 

significant,  our  results  were  essentially  in  agreement  with  these  findings.  A  statis¬ 
tically  significant  negative  relation  of  +G  tolerance  with  height  was  seen  (p=0.033). 

This  finding  of  increased  +G  tole^'ance  witri  sho'-ter  stature  is  not  completely  surprising. 

Given  similar  perfusion  driving  pressures  generated  by  the  cardiovascular  system,  then 
a  decrease  in  heart  to  eye/brain  distance  will  result  in  enhanced  +G  tolerance.  A 

decrease  in  effective  vertical  heart  to  eye/brain  distance  is  well  known  to  increase  ^ 

+G  tolerance,  as  demonstrated  by  +G  tolerance  enhancement  using  tilt-back  seats  (12). 

If^heart  to  eye/brain  distance  is  indeed  decreased  with  decreasing  stature,  then  +G 
tolerance  should  increase  with  decreasing  height.  The  most  significant  difference 
(p-0.003)  between  the  HTG  and  LTG  was  blood  cholesterol,  being  higher  in  the  HTG. 

Triglycerides  likewise  followed  the  same  trend  as  cholesterol  being  higher  in  the  HTG 
(p=0.044).  Blood  pressure,  during  treadmill  exercise  (maximum  systolic  blood  pressure 
p=0.038  and  maximum  diastolic  blood  pressure  p=0.043)  and  rest  (systolic  blood  pressure 
p=0.014)  and  a  lower  maximum  heart  rate  during  treadmill  testing  (p=0.30)  were  found 
for  the  HTG.  Whether  or  not  the  clinical  parameters  associated  with  the  HTG  are  inde¬ 
pendent  or  dependent  must  be  further  refined.  Certainly  as  age  Increases  it  is  usual  i 

for  weight,  experience  (flying  hours),  blood  pressure,  and  percent  body  fat  to  increase. 

It  appears  from  this  preliminary  investigation  that  +G  tolerance  also  increases  in 
harmony  with  these  parameters.  Both  cholesterol  and  tf i gl yc er i des  along  with  hypertension 
are  well  known  to  be  associated  with  Increased  a therosc 1 erot i c  ca rd i ova scul a r  disease. 

This  vascular  disease,  which  Includes  hardening  of  the  vessels,  could  be  associated 
with  more  rigidity  and  less  distensibility,  thereby  giving  a  resultant  increase  in  +G 
tolerance.  A  higher  eye-level  blood  pressure  in  itself  is  what  is  desired  to  maintaiH 
cerebral  and  retinal  perfusion  during  head-to-foot  acceleration;  therefore,  it  is  not 
surprising  that  a  higher  blood  pressure  would  be  associated  with  a  higher  +G  tolerance. 

Further  association  with  blood  pressure  was  evidenced  by  5  of  6  subjects  having  an 

abnormal  (hypertensive)  response  to  orthostatic  tilt-table  testing,  and  3  of  6  subjects  i 

having  a  clinical  diagnosis  of  hypertension.  Previous  studies  have  failed  to  show  a 

positive  correlation  of  +G  tolerance  and  the  response  to  tilt-table  testing  (13).  In 

agreement  with  other  studies  (13,  14),  no  relationship  between  +G  tolerance  and  aerobic 

capacity  (treadmill  test  max  time)  was  found.  Overall,  the  high  TG  prototype  would 

seem  to  be  the  older,  shorter,  heavier,  more  experienced  (more  flying  hours  and  more 

fighter  pilot  experience)  individual  with  a  higher  blood  pressure,  higher  hematocrit, 

higher  cholesterol  and  triglycerides,  hypertensive  response  to  tilt-table  testing,  and 

higher  blood  pressure  response  to  maximum  treadmill  exercise  testing.  Many  of  these 

apparent  G-protective  factors  have  associated  with  them  increased  cardiovascular  disease 

risk,  which  is  not  desirable  for  pilot  selection  or  retention.  The  low  +G  prototype 

was  demonstrated  to  be  a  taller,  thinner,  less  experienced  (less  flying  hours  and  less 

fighter  pilot  experience),  individual  with  lower  blood  pressure,  lower  hematocrit,  more 

arrhythmias,  and  be  more  apt  to  undergo  cardiac  catheterization. 

The  patients  referred  for  centrifuge  testing  are  generally  quite  healthy,  although 
they  do  manifest  some  type  of  cardiovascular  deviation  from  normal.  The  patients  in 
this  study  overall  have  +G  tolerance  insignificantly  different  from  healthy  aircrewmen. 

It  is,  therefore,  not  unexpected  that  the  differences  between  the  med^rai  subgroups 
might  be  of  small  magnitude.  Continued  investigation  of  the  subtle  differences  manifested 
by  various  subgroups  may  well  become  significant  with  larger  numbers  of  patients  in 
each  subgroup.  This  work  Importantly  does  indicate  that  certain  parameters  are  associated 
with  high  and  low  +G^  tolerance. 

Dysrhythmia  Study:  Determination  of  the  effects  of  physical  stress  testing  on  the 
induction  of  various  dysrhythmias  is  Important  for  defining  the  sensitivity  of  the 
stress  test  in  uncovering  dysrhythmias  and  in  ensuring  overall  stress  test  safety. 

Although  the  three  groups  were  all  healthy,  certain  differences  were  present  between 
the  groups.  As  already  stated,  the  panel  members  were  younger  and  shorter  than  the 
patient  groups.  The  younger  age  of  the  panel  members  reflects  the  population  from 
which  these  individuals  are  chosen.  Their  shorter  stature  was  consistent  with  previous 
observations  showing  increased  +G  tolerance  correlation  Inverse  with  height.  Since 
the  stress  panel  is  composed  of  individuals  who  are  able  to  tolerate  high  levels  of 
sustained  +G  during  physiologic  experimentation,  the  shorter  individuals  are  selectively 
able  to  perform  these  duties  with  less  effort  than  taller  cohorts. 

The  panel  members  were  exposed  to  different  +G  profiles  which  were  significantly 
more  stressful  than  the  patient  groups  who  were  exposed  to  the  medical  evaluation 
protocol.  This  Increased  stress  during  centrifuge  +G  acceleration  produced  more 
dysrhythmias  than  did  maximal  treadmill  exercise  stress  in  the  panel  members.  At  least 
501  of  the  panel  members  having  had  a  dysrhythmias  during  centrifuge  testing.  There 
was  no  increase  in  the  dysrhythmias  seen  during  Holter  monitoring  post-centrifuge 
testing  as  compared  to  the  Holter  monitoring  during  the  pre-centrifuge  test  period.  In 
addition,  no  difference  was  found  during  the  post-treadmill  period  as  compared  to 
either  pre-  or  post-centrifuge  testing. 

For  the  non-dysrhythmia  patient  group,  more  dysrhythmias  were  noted  during  stress¬ 
testing  periods  than  during  the  post-stress  24-hour  periods.  Essentially  no  difference 

was  found  in  the  kind  or  occurrence  of  dysrhythmias  seen  during  centrifuge  testing  or  i 

maximal  treadmill  testing.  More  dysrhythmias  were  observed  in  this  group  both  during 
and  after  stress,  as  compared  to  the  panel  members,  but  less  dysrhythmias  than  observed 


in  the  dysrhythmia  patient  group.  As  would  be  expected,  the  dysrhythmia  patients  had 
more  dysrhythmias  both  during  and  after  stress  than  did  the  other  two  groups.  Ventricular 
type  [  and  II  dysrhythmias  were  more  frequent  in  the  dysrhythmia  patient  group. 

An  analysis  of  the  consistency  of  dysrhythmia  occurrence  revealed  the  panel 
members  to  have  a  preponderance  of  dysrhythmias  during  centrifuge  stress.  Little 
difference  was  found  in  the  occurrence  of  dysrhythmias  in  the  two  patient  groups.  In 
all  groups,  substantially  more  dysrhythmias  occurred  during  stress  than  during  the 
post-stress  Holter  monitoring  periods.  There  was  not  much  difference  observed  in  the 
frequency  of  dysrhythmia  occurrence  pos t- treadmi 1 1  stress  as  compared  to  post  centrifuge 
stress. 

Both  centrifuge  testing  and  maximal  treadmill  testing  are  dysrhythmogenic  .  From 
a  comparison  of  these  healthy  subjects,  where  the  panel  members  were  exposed  to  higher 
+G  for  longer  periods,  more  dysrhythmias  were  observed  during  centrifuge  testing.  No 
increase  in  dysrhythmias  was  seen  in  the  two  aeromedical  patient  groups  exposed  to  less 
G  stress.  This  observation  agrees  with  previous  investigations  of  G  stress  where  the 
frequency  of  dysrhythmias  increases  with  the  intensity  and  duration  of  G  stress  (16). 

It  is  probable  that  more  dysrhythmias  would  have  been  induced  during  centrifuge  stress 
testing  in  the  two  patient  groups  if  a  more  stressful  protocol  were  developed.  It  is 
currently  being  recommended  that  all  USAF  high-performance  fighter  aircraft  pilots  be 
able  to  successfully  attain  +7.0G^  for  15  sec  during  a  IG/sec  run  while  wearing  an 
anti-G  suit.  Our  results  indicate  that  dysrhythmias  are  likely  to  be  frequent  in 
pilots  flying  in  a  high  +G^  multistress  aerial  combat  environment.  It  would  be  of 
interest  to  compare  these  results  with  actual  inflight  recordings  to  compare  the  heart 
rates  and  dysrhythmia  frequency  as  a  measure  of  the  additional  stress  of  current  aerial 
combat  maneuvering. 

Centrifuge  G  stress  provides  a  type  of  physical  stress  different  from  that  of 
treadmill  exercise.  Certain  dysrhythmias  were  more  frequently  associated  with  +G 
stress.  These  included  sinus  arrhythmia  and  ectopic  atrial  rhythm.  In  addi  ti on  ,^one 
episode  of  prolonged  sino-atrial  block  (sinus  arrest)  occurred  immediately  after  G 
stress  in  an  individual  who  had  no  previous  or  subsequent  similar  disturbance.  Following 
a  gradual  onset  run  (16/15  sec)  the  subject,  one  of  non-dysrhythmia  patients,  had  10 
sec.  of  cardiac  asystole  with  resultant  loss  of  consciousness.  In  a  pilot  population, 
any  condition  which  could  predispose  to  sudden  incapacitation,  even  for  a  short  period, 
is  important  from  an  aeromedical  standpoint.  Of  particular  importance  in  the  investigation 
of  stress  is  whether  or  not  the  effects  are  persistent.  Our  results  agree  with  previous 
work,  in  that  no  apparent  residual  effects  were  noted  with  respect  to  either  dysrhythmias 
or  heart  rate,  after  either  treadmill  or  centrifuge  stress. 

The  incidence  of  exercise  (treadmill)  induced  dysrhythmias  in  our  aeromedical 
patient  type  population  has  been  reported  (17),  revealing  a  high  incidence  of  PVC's 
(35*).  Ominous  dysrhythmias  were  noted  in  2.1%  of  the  aircrew  population.  Dysrhythmia 
sensitivity  for  detection  of  coronary  artery  disease  was  about  7%.  The  specific  group 
of  patients  referred  for  acceleration-stress  testing  are  a  select  subset  of  those 
individuals  undergoing  aeromedical  evaluation  at  USAFSAM.  They  represent  individuals 
who  had  no  disqualifications  in  the  routine  aeromedical  evaluation,  which  always  preceded 
the  accel era t  i  on  -  5 t r es s  test.  Those  individuals  with  a eromedi ca 1 1 y  disqualifying 
abnormal  maximal  treadmill  exercise  test,  abnormal  Holter  monitoring,  or  other  abnormal 
clinical  findings,  were  not  referred  for  acceleration-stress  testing.  Studies  in 
clinical  medicine  with  symptomatic  patients  have  shown  an  increased  incidence  of  ventricular 
dysrhythmias  in  those  patients  with  coronary  heart  disease  when  subjected  to  stress 
testi ng . 

A  high  incidence  of  premature  ventricular  contractions  have  been  noted  in  healthy 
men  during  stress  (18,  19).  The  prognostic  significance  for  coronary  artery  disease 
based  on  this  type  of  dysrhythmia,  therefore,  depends  on  the  clinical  status  of  the 
patient  (20).  Dysrhythmias  have  been  shown  to  increase  with  age  (21).  In  our  group, 
the  dysrhythmia  subgroup  had  the  oldest  subjects.  Since  this  subgroup  was  specifically 
selected  on  the  basis  of  the  presence  of  a  dysrhythmia,  it  is  therefore,  impossible  to 
assess  the  effect  of  age  in  this  study. 

Factors  other  than  myocardial  ischemia  can  initiate  dysrhythmias.  Since  recent 
studies  (22)  indicate  the  absence  of  myocardial  ischemia  in  normal  animal  models  during 
levels  of  +G  stress  similar  to  those  experienced  in  this  study,  it  would  appear  that 
other  factors  present  during  +G  stress  are  responsible  for  dysrhythmias.  Previously 
suggested  factors  include:  a)  changes  in  position  and  mechanical  stresses  on  the 
heart;  b)  changes  in  cardiac  filling;  and  c)  effects  of  sympathetic  nervous  system 
stimulation  and  increased  catecholamine  levels  (23).  Undoubtedly,  all  of  these  factors 
occur  during  acceleration-stress  and  increase  with  increased  +G  stress.  The  relative 
importance  of  these  possible  factors  is  unknown.  If  subclinicaf  cardiovascular  disease 
were  present  and  added  to  a  high  sustained  +C  exposure,  with  resultant  decrease  in 
blood  oxygenation,  there  could  be  a  possibility  of  these  observed  dysrhythmias  developing 
into  a  sustained  serious  rhythm  disturbance. 

In  agreement  with  previous  work  (24),  centrifuge  acceleration-stress  testing 
utilizing  the  current  medical  evaluation  protocol  does  not  uncover  a  large  number  of 
additional  dysrhythmias  not  otherwise  seen  on  other  disgnostic  tests.  Unique  dysrhythmias, 
not  seen  on  more  conventional  tests,  do  occur  during  +G  stress  (25,  26).  In  an  aeromedical 
community,  uncovering  these  +G  -induced  dysrhythmias  is^of  critical  importance,  since 
incapacitation  in  a  pilot  flying  a  high  performance  fighter  aircraft  could  have  disastrous 
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results.  Individuals  with  specific  susceptibility  to  +G  -Induced  significant  arrhythmias 
must  be  carefully  screened.  For  these  Individuals  +G  -stress  testing  Is  Invaluable  In 
assuring  aeromedical  safety.  As  shown  by  this  study.  It  Is  probable  that  more  dysrhythmias 
would  be  uncovered  If  a  more  stressful  medical  evaluation  profile  were  Included  which 
would  allow  the  patient  to  achieve  the  same  maximum  heart  rate  as  during  maximal  treadmill 
stress. 

Centrifuge  acceleration-stress  testing  apparently  Is  relatively  as  safe  as  maximal 
treadmill  exercise  testing.  Both  stress  tests  Induce  dysrhythmias  and  significantly 
elevate  heart  rate.  These  stress-induced  changes  are  limited  to  the  period  of  stress 
and  do  not  significantly  affect  cardiac  rate  or  rhythm  In  the  post-stress  24  hour 
period.  For  USAF  high-performance  fighter  pilots  who  are  routinely  exposed  to  repeated 
high  sustained  +G  stress  during  aerial  combat.  It  Is  Imperative  to  assure  that  they 
are  not  predlsposid  to  +G  -Induced  dysrhythmias  which  could  cause  sudden  In-fllght 
Incapacitation.  Centrifuge  stress  testing  Is  therefore  a  valuable  tool  In  the  aeromedical 
evaluation  of  these  alrcrewmen. 


The  research  reported  In  this  paper  was  conducted  by  personnel  of  the  Crew  Technology 
and  Clinical  Sciences  Divisions,  USAF  School  of  Aerospace  Medicine,  Brooks  AFB,  Texas. 
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TABLE  I.  MEDICAL  EVALUATION  PROTOCOL* 


Profile  1;  Gradual  onset  run,  60R(1>,  relaxed,  onset  rate  0.067 
G/s. 

Profile  2:  Rapid  onset  runs,  ROR,  beginning  at  +2.8G  for  15s, 
onset  rate  1  G/s.  Successive  runs  at  +0.3G  Incre¬ 
ments  . 


Profile  3:  Gradual  onset  run,  G0R(2),  a  repeat  of  Profile  1. 

Profile  4:  Gradual  onset  run  with  straining,  GOR(S)  same  as  Pro¬ 
files  1  and  3  except  patient  using  straining  maneuver  to 
try  to  Increase  his  +G  tolerance. 


*G  suits  not  worn.  Run  1 imit  for  al 1  profiles  +7G  .  to! erance 
limit  determined  by  loss  of  lOOt  peripheral  green  Tights  and/or 
50t  central  red  1 1 ght. 


TABLE  II.  CLINICAL  EVALUATION  PARAMETERS 


Body  Morphology 
Laboratory  Tests 
Treadmill  Exercise  Test 
Holter  Monitoring 
Tilt-Table  Test 
Electrocardiogram 
Vectorcardiogram 
Echocardiogram 
Cardiac  Graphics 
Pulmonary  Function  Tests 
Cardiac  Catheterization 


TABLE  III.  REFERRAL  DIAGNOSES  FOR  CENTRIFUGE 
+G^  STRESS  TESTING 

Aortic  valvular  abnormalities 
Mitral  valvular  abnormalities 
Abnormal  exercise  tolerance  test 
Cardiac  arrhythmias 
Hypertension 

Unexplained  loss  of  consciousness 


TABLE  IV.  G,  TOLERANCE  AND  MAXIMUM  HEART  RATE  DATA  FOR 
TOTAL  GROUP  AND  MEDICAL  SUBGROUPS* 

60R(1)  ROR(pass)  ROR(fan)  GOR(2)  GOR(S) 


Total 

4 .7+0.8 

3 . 3+0 . 5 

3 . 6 +0 . 6 

4 .4+0.8 

5. 3  +  0. 7 

Group 

1 36+21 

1  21+21 

1  21+18 

1  31+22 

1 52+20 

{N  =  59) 

N  =  59 

N  =  57 

N*57 

N  =  54 

N»47 

Aortic 

4 . 8  +  1  .  0 

3 . 0+0 . 4 

3. 4+0. 3 

4. 2+0. 7 

5. 3  +  0. 8 

Val  ve 

135+28 

1  20+14 

120+13 

121+13 

1 53+26 

(N  =  6) 

N  =  6 

N  =  6 

N  =  6 

N  *  6 

N  =  5 

Mitral 

4. 6  +  0. 7 

3. 3+0.3 

3. 7+0. 3 

4. 4 +0.6 

5. 3  +  0. 7 

Valve 

1 29+21 

122+24 

119  +  16 

127+21 

147+22 

(N=14) 

Nfl4 

N  =  ’3 

N  =  13 

N  =  1 1 

N  =  10 

Loss 

4. 5  +  0. 7 

3.2+0.!, 

3. 6  +  0. 8 

4.1 +0.9 

5. 6 +  0.9 

Cons 

1  38  +  1  7 

118  +  15 

1 1  9+1  5 

1  30  +  12 

149  +  9 

(N  =  7) 

N  =  7 

N  =  7 

N  =  7 

N  =  7 

N  =  5 

Abn  Ex 

4 . 4  +  0 . 9 

2 . 9 +0 . 5 

3 . 4 +0 . 4 

4.2  +  1  .0 

4 . 8  +  0 . 9 

Test 

1 36+35 

1 28+35 

124+35 

1 34+38 

147  +  9 

(N  =  6) 

N  =  6 

N  =  5 

N  =  5 

N  =  5 

N  =  3 

Hyper 

5 . 3 +  0 . 4 

3 . 8+0 . 5 

4 . 0+0 . 5 

5. 1+0. 4 

5 . 7  +  0 . 6 

(N  =  7) 

146+19 

122+15 

123+14 

1  31+1  7 

146+24 

N  =  7 

N  =  7 

N=7 

N  =  6 

N  =  5 

Arrhy 

4 . 7 +0 . 9 

3. 2+0. 4 

3 . 6+0 . 3 

4. 4  +  0. 9 

5. 3 +0.7 

(N  =  16) 

138  +  16 

1 1 9+24 

123+22 

135+27 

1 57+22 

N-1  6 


N=16 


N=16 


N=.l  6 


N=1  6 


TABLE  V.  G,  TOLERANCE  CRITERIA  FOR  CENTRIFUGE 
^  PROFILES 


Prof i 1 e 

1  ; 

GOR( 1 ) 

High: 

5.6 

or  greater 

Low; 

1  ess 

tha  n  4.0 

Average : 

4.0_ 

_ thru _ 

Prof  1 1  e 

2  : 

ROR 

High; 

4.1 

or  greater 

(pass) 

Low; 

1  ess 

than  3.1 

Average : 

3.1_ 

_ thru _ 

Prof i 1 e 

3: 

GOR(2) 

High; 

5.3 

or  greater 

Low : 

1  ess 

than  3 . 7 

Average ; 

3.7_ 

_ thru _ 

Prof  i  1  e 

4: 

GOR(S) 

High: 

6.0 

or  greater 

Low ; 

1  ess 

than  4.6 

Average : 

4.6_ 

_ thru _ 

TABLE  VI.  HEART  RATE  CRITERIA  FOR  CENTRIFUGE 
PROFILES 


Prof  i  1  e 

1  : 

G0R(1 ) 

High: 

Low ; 

Average : 

greater  t ha n  156 
less  than  116 

1 1  6 _ thru _ 156 

Prof  1 1 e 

2  : 

ROR 

(pass ) 

High: 

Low ; 

Average : 

greater  than  142 
less  than  100 

100 _ thru _ 142 

Prof  1 1 e 

3: 

G0R(2) 

H 1  g  h  : 

Low ; 

Average  : 

greater  t ha n  153 

1  ess  than  1 09 

109  thru  153 

Prof  1 1 e 

4: 

GOR(S) 

High; 

Low : 

Average ; 

greater  than  172 
less  than  132 

132  thru  172 

TABLE  VII;  G,  TOLERANCE  ANO  MAXIMUM  HEART  RATES  FOR  HIGH 
^  ANO  LOW  TOLERANCE  SUBGROUPS* 


GOR(l  )  R”OR(pass)  ROR(fa11  5  G0R(2)  GbR(S5 


5. 7 +0.4 

4. 2 +6. 6 

4 . 5+0 . 6 

5.4  +  0 .4 

6. 2 +  0.4 

HTG 

144  +  1  6 

1  1  7  +  24 

119+25 

1 27+26 

148+28 

(N-6) 

N*6 

N-6 

N-6 

N-6 

N-5 

3.6  +  0. 3 

2  .  7 +0 . 3 

3. 1+0. 2 

3. 4 +0.5 

4. 3  +  0. 6 

LTG 

128  +  17 

124+17 

121+1  3 

12  3+10 

140  +  16 

(N-6) 

N-6 

N-6 

N-b 

N-6 

N-4 

*  Means  +1  5.6. 


TABLE  VIII.  CLINICAL  PARAMETERS  ASSOCIATED  WITH  THE 
HIGH  AND  LOW  G  TOLERANCE  SUBGROUPS* 


!-l  1 


Parameter 

HTG 

LTG 

Significance 

Level 

Age  (yrs) 

37  +  5 

32  +  8 

0.123 

Height  (In) 

68.4+1  .6 

71 .3+2.3 

0.033** 

Weight  (lbs) 

1 72+23 

157+19 

0.243 

Flying  Hours 

31?6 

1  798 

0.165 

(high  5000) 
(low  650) 

(high  3860) 

(low  0) 

Treadmill  test 

Max  HR  (bpm) 

1  76  +  7 

186  +  6 

0.030** 

Max  T Ime  (ml n) 

14.0+3.1 

14.1+2.9 

0.970 

Max  SBP  (mmHg) 

184+11 

171+8 

0.038** 

Max  OBP  (mmHg) 

91  +1  3 

72  +  1  5 

0.043** 

Rest 

HR  (bpm) 

75+17 

69  +  1  3 

0.533 

SBP  (mmHg) 

1  35  +  10 

115  +  13 

0.014** 

OBP  (mmHg) 

86  +  19 

68  +  8 

0.063 

Lean  Body  Mass( 1 bs )1 32+9 

131+19 

0.941 

Percent  Body  Fat 

23+8 

18  +  1  3 

0.2  04 

Hema  toe  r 1 1 ( * ) 

48.3+0.8 

45.2+0.2 

0.004** 

Hemogi  obi  n(  gmt ) 

15.8+0.6 

15.1+0.6 

0.068 

Choi esterol (mg% ) 

222+35 

165  +  10 

0.003** 

Triglycer1de(mg%) 

1 69+77 

92  +  30 

0.044** 

•Means  +1  S.D. 
**p  <0.^5 


TABLE  IX.  ASSOCIATED  CLINICAL  FINDINGS  FOR  HIGH  AND  LOW 
G  TOLERANCE  SUBGROUPS 


Fraction  of  Fraction  of 
patients  In  HTG  patients  In  LTG 
with  associated  with  associated 


Parameter 

Diagnosis  of  Hypertension 

Diagnosis  of  Arrhythmia 

Abnormal  Tilt-Table  Test 

Arrhythmia  during  Holter 
Monitoring 

Underwent  Cardiac 
Catheterization 


parameter  parameter 


3/6 

0/6 

0/6 

4/6 

5/6 

1/6 

1/6 

5/6 

0/6 

2/6 

Abnormal  EEG 

Fighter  Aircraft  Pilot 


0/6 

3/6 


1/6 

0/6 


TABLE  X.  DESCRIPTIVE  CHARACTERISTICS  OF  SUBJECT  GROUPS 
(OVSRHYTHMIA  STUDY)* 


Group 

N 

Age  (yrs.) 

Height  (in.) 

Weight  (lbs.) 

Stress  Panel 

Members 

20 

27.0(9)** 

69.2(1 .6)** 

167.7(18) 

Non-dysrhythmia 

Patients 

20 

36.6(8) 

70.6(1 .8) 

171  .8(20) 

Dysrhythmia 

Patients 

20 

37.8(7) 

71  .2(2.1  ) 

1 73.9(22) 

*Values  represent 

mea  ns 

+1  S.O. 

**S 1 gni f i cantl y  different  based  on  unpaired  t-test. 


TABLE 

XI.  STRESS  TEST 

DESCRIPTION* 

Treadmi  1 1 

Test 

Centrifuge  Test 

Group 

Max  Time  (min) 

Max  HR  (bpm) 

1  Max  +G^ 

Max  HR  (bpm) 

Stress  Panel 

Members 

14.8(2  7) 

178(8) 

7.0(0)** 

1 76(7)** 

Non-dysrhythmia 

Patients 

15.1(1.9) 

182(9) 

5. 4(0. 3) 

1 57(8) 

Dysrhythmia 

Pa  1 1 en t s 

14.9(2.1  ) 

180(8) 

5. 3(0. 3) 

155(7) 

*  Values  represent  means  +1  S.O. 

**  Significantly  different  based  on  unpaired  t-test. 


I 
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TABLE  Xlla.  Dysrhythmia  Analysis  for  Stress  Panel  Members* 


Dysrhythmia 

Description 

Post 

Treadmill  Treadmill 

Pre 

Centr i fuge 

Centrl fuge 

Post 

Centri fuge 

Atrial 

TJT 

0 

20 

5 

Junctional 

0 

0 

5 

0 

5 

Ventricul ar 

I  b 

5 

5 

45 

0 

Ventricular 

I  I  0 

0 

0 

1  0 

0 

Other 

0 

0 

0 

1  0 

0 

None 

90 

95 

90 

50 

90 

TABLE  Xllb. 

Dysrhythmia  Analysis  for 

Non. Dysrhythmia  Patients' 

Dysr hyt  hmi  a 
Descri pt ion 

T  reddm 1 1 1 

Post 

Treadmill 

Pre 

Centrl fuge 

Centrl fuge 

Post 

Centrl fuge 

Atrial 

30 

1  0 

— 

3  5 

r5 

Junct iona  1 

0 

5 

--- 

1  D 

0 

Ventricular 

I  30 

20 

... 

20 

1  5 

Ventricular 

II  10 

5 

... 

10 

1  0 

Other 

1  0 

10 

... 

1  5 

1  0 

None 

55 

60 

... 

50 

65 

TABLE  XIIc. 

Dysrhythmia 

Analysis  for  Dysrhythmia 

Patients* 

Dysrhythmia 

Description 

Treadmill 

Post 

Treadmi  1 1 

Pre 

Centrifuge 

Centri fuge 

Post 

Centrl fuge 

Atrial 

36 

20 

... 

35 

25 

Junctional 

5 

0 

... 

5 

0 

Ventricular 

I  50 

25 

... 

45 

30 

Ventricular 

II  15 

1  5 

... 

1  5 

1  5 

Other 

5 

0 

... 

5 

0 

None 

1  5 

35 

.  -  - 

10 

30 

*  Given  as  the  percentage  of  subjects  in  which  a  particular  dysrhythmia 
occurred  as  compared  to  the  total  number  of  subjects  in  the  group. 


TABLE  XIII.  CONSISTENCT  COMPARISON  FOR  OCCURRENCE  OF  DYSRHYTHMIAS 


Stress 

Panel  Members 

Non -dys  r  hy  t  hm  1  a 
Patients 

Dysrhythmia 

Patients 

On  1  y 

TM 

0 

1  0 

1  0 

On  1  y 

Post  TM 

0 

5 

5 

On  1  y 

C 

45 

1  5 

1  0 

On  1  y 

Post  C 

5 

0 

C 

On  1  y 

Stress! TM+C) 

50 

25 

30 

On  1  y 
(Post 

Post-Stress 

-TM+C) 

5 

5 

5 
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DISCUSSION 


DR  E  ALNAES  (NO) 

1.  What  percentage  of  pilots  sent  to  SAM  for  cardiological  examination  is  rejected  by  the  Board 
on  the  basis  of  centrifuge  performance,  and 

2.  You  stated  that  a  certain  number  of  Flight  Surgeons  had  significant  arrhythmia  during 
centrifuge  testing.  What  was  the  total  number  of  subjects  tested,  and  what  was  their  age 
distribution? 

AUTHOR 

1.  The  percentage  of  pilots  disqualified  from  reconsBendation  for  waiver  because  of  results 
obtained  through  centrifuge  acceleration  testing  is  very  low,  perhaps  1  to  3  percent  per  year 

of  those  referred  specifically  for  centrifuge  testing.  These  disqualifications  are  mostly  due  to 
the  demonstration  of  G“induced  significant  dysrhythmia  (ventricular  tachycardia  for  instance). 
Recently,  specific  disqualification  on  the  basis  of  low  G  tolerance  has  begun  to  enter  the 
diagnostic  realm  mainly  because  of  the  new  high  performance  fighter  aircraft  and  the  USAF’s  tnove 
toward  categorised  flying  status.  The  percentage  disqualified  may  well  increase  for  these  latter 
reasons . 

2.  Flight  Surgeons  going  to  fighter  aircraft  bases  are  specifically  encouraged  to  undergo 

G  training  at  USAF  SAM  as  part  of  their  primary  course  in  Aerospace  Medicine.  In  the  fall  1980 
class  of  approximately  75  to  100  individuals,  15  went  through  G  orientation  and  training.  Three 
of  the  15  had  a  documented  episode  of  technical  ventricular  tachycardia  (3  or  more  beats  in  a  row). 
The  age  of  these  individuals  is  in  the  range  28-34  years,  as  a  rule.  Since  they  are  young, 
healthy  individuals  who  have  only  recently  successfully  completed  a  Class  II  USAF  flight  physical 
we  are  not  overly  concerned  about  their  health  status.  We  do  require  an  echocardiogram  to  be 
obtained,  since  at  this  point  in  time  we  consider  they  have  a  good  statistical  possibility  of 
having  mitral  apparatus  dysfunction. 

DR  H  T  ANDERSEN  (NO) 

Middle-aged  men  with  slightly  elevated  blood  pressure  and  sub-clinical  atheromatosis  are  known 
to  tolerate  G  stress  quite  well.  However,  when  the  aviator  has  developed  hypertension  and  the 
atheromatosis  gives  symptoms,  he  may  lose  his  flying  status  regardless  of  G  tolerance. 

AUTHOR 

Yes,  I  quite  agree  with  your  comment.  The  results  of  the  present  study  go  along  with  G  tolerance 
increasing  with  an  increase  in  the  risV.  factors  for  atherosclerotic  cardiovascular  disease.  We 
have  not  yet  analysed  the  clinical  parameters  with  respect  to  being  dependent  or  independent 
variables.  I  suspect  many  are  dependent.  This  dilemma  is  unfortunate,  but  does  point  to  further 
research  that  would  be  extremely  important  in  our  search  for  the  individual  who  is  most  suited  to 
maintain  air  superiority  safely. 

DR  R  AUFFRET  (FR) 

1.  What  was  the  seat-back  angle  during  your  experiments? 

2.  \^at  is  your  experience  of  the  appearance  of  arrhythmia  and  ECG  change  on  lower  acceleration 
levels  (3C  or  4G)  for  longer  duration? 

AUTHOR 

1.  The  centrifuge  seat  back  angle  was  13®  from  the  vertical  position.  The  entire  seat  and 
centrifuge  cockpit  design  is  a  tnock”up  of  the  F-15  aircraft  cockpit. 

2.  Our  experience  with  long  duration  acceleration  stress  is  very  minimal.  The  USAF  A-10  aircraft 

has  been  experimentally  observed  inflight  and  found  to  undergo  sustained  low  G  stress  for  several 
minutes  with  occasional  excursions  to  We  have  simulated  these  A-10  profiles  (Dr  Kent 

Gillingham)  on  the  USAF  SAM  centrifuge.  The  profiles  were  not  as  stressful  as  other  aerial  combat 
simulations,  such  ar  the  F-4  simulation,  and  were  not  observed  to  have  frequent  dysrhythmias  occur 
during  the  runs.  In  general,  however,  we  certainly  do  see  more  dysrhythmias  occur  as  the  length 

of  the  acceleration  increases,  I  have  not  broken  down  our  data  as  yet  to  determine  which  types  of 
dysrhythmia  are  most  apt  to  occur  as  the  length  of  exposure  increases. 

DR  F  L  JACKSON  (US) 

Did  you  find  any  relationship  between  the  type  of  dysrhythmia  and  the  type  of  preconditioning 
exercise  the  pilots  underwent  -  for  example,  the  aerobic  runners  versus  the  anaerobic  weight  1 i f ters? 

AUTHOR 

Yes,  but  the  evidence  is  mainly  anecdotal.  We  have  had  cases  of  aerobic  conditioning  (six  miles  per 
day,  six  days  per  week  of  jogging)  who  have  shown  sino-atrial  block,  with  complete  asystole  for 
15-20  seconds,  after  the  G  load  has  stopped.  It  is  important  to  emphasis  the  importance  of  not 
ov-'rdoing  exercise. 
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RESOIE 


Le  pilotage  des  avions  de  combat  nocessite  I'intrgrite  anatomique  et  fonc- 
tionnelle  des  grandes  fonctions  phys iologiques  du  pilote.  Du  fait  des  evolutions  de 
I'avion  au  cours  du  combat,  c'est  mani festement  la  fonction  cardiovasculaire  qui  est  la 
cible  des  facteurs  de  stress  lies  au  vol«  C'est  par  consequent  I'examen  du  coeux  et  des 
vaisseaux  qui  retient  toute  I'attention  de  I'expert  au  cours  des  visites  d'aptitude  des 
pilotes  d'avions  de  combat  a  I'admission,  mais  surtout  3 ors  des  visites  revisionnelles. 

Les  performances  des  avions  de  la  nouvelle  generation  donnent  encore  plus 
d' importance  a  ce  problemeo 

En  cas  de  doute,  il  est  tres  souvent  utile  a  I'expert  de  juger  de  I'intogrito 
fonctionneile  circulatoire  au  cours  d'un  test  standardise,  reproductif  et  representatif 
du  stress  cardiovasculaire  subi  par  le  pilote« 

C'est  en  quoi  les  expertises  sous  facteur  de  charge,  realisees  en  centrifu- 
geuse  au  Laboratoire,  apportent  un  supplement  indispensable  d ’ informations  au  bilan 
liospitaliero 


Au  cours  <Iu  test,  les  principaux  parametres  cardiovasculaires  sont  enregis- 
tr«'s  de  m^me  que  3e  champ  visuel  est  ovalue.,  Par  ailleurs,  1  ' observation  telcvisoe  du 
sujet  et  1 ' enregi strement  de  la  conversation  permettent  une  appreciation  dti  comportement 
general « 


Certaines  anomalies  elec trocardiographiques  disparaissent  sous  accelerations, 
elies  ne  revetent  alors  aucune  gravite,  d'outres,  au  contraire,  subsistent  ou  mSme  ap- 
paralssento  Elies  sont  d'autant  plus  inquietantes  qu'elles  s ' acc ompagnent  de  troubles 
fonc t ionnels  (hypertension  avec  pincement  de  la  dif ferentielle ,  hypotension  marquee 
avec  retrec issement  du  champ  visuel,  tachycardie  avec  effondrement  du  debit  cardiaque..) 

INTRODUCTION 

Le  pilotage  des  avions  de  combat  necessite  I'integrite  anatomique  et  fonction 
nelle  des  grandes  fonctions  physiologi ques  du  pilote,  Cependant,  du  fait  des  evolutions 
de  1 'avion  au  cours  du  combat,  c'est  manifestement  la  fonction  cardiovasculaire  qui  est 
la  tible  principale  des  facteurs  de  .stress  lies  au  vol*.  Par  consequent,  I'examen  du 
coeur  et  des  vaisseaux  retient  particulierement  I'attention  de  I'expert  au  cours  des 
visites  d'aptitude  des  pilotes  d'avions  de  combat  a  I'admission,  mais  surtout  lors  des 
visites  revi s ionnelles •  Toute  reaction  fonctionneile  cardiaque  inadequate,  toute  anoma- 
lie  elec  tr<jcardiographique  iniportante,  tout  trouble  circulatoire  et  toute  cardiopathie 
entralne  irrernediablement  1  *  el iminatiouv  Les  examens  medicaux  cliniques,  electriques, 
radiologiques  et  biologiques,  permettent  le  plus  souvent  de  se  prononcer  sans  trop 
d  *  lies  1 1  at  i  on  9  Mais,  en  cas  de  doute,  en  compl«*ment  des  examens  medicaux,  il  est  tres 
souvent  uliVe  a  I'expert  de  juger  de  I’integrite-  fonctionneile  respiratoire  et  circula¬ 
toire  au  cours  d'un  test  standardise,  reproductif  et  representatif  du  stress  respira¬ 
toire  et  cardiovasculaire  subi  par  le  pilote,  Les  performances  des  avions  de  combat  de 
la  nouvelle  generation  donnent  encore  plus  d'importance  a  ce  probleme*  C'est  en  quoi  les 
expertises  sous  facteurs  de  charge  (accelerations  +  Gz),  realisoes  en  centrifugcuse  au 
Laboratoire  de  Medei  ine  Aerospatiale  du  C.E.V,  apportent  un  supplement  d ' informat  ions 
indispensable  aux  examens  hoapitaliers. 


4-: 


Ainsi  sont  justiciables  de  test  en  cent  ri  fiigeuse ,  le  pneiunothorax  a  Evolu¬ 
tion  spontance  ovi  opErE,  les  malaises  en  vol ,  les  cardiopathies  lEgeres,  les  troubles 
hEmodynamiques  (liy|)o  ou  liy]i  ertens  ion  artErielle),  les  troubles  de  conduction,  (blocs  de 
branche)  et  les  extrasystoles. 

TECHNIQUE 


Mq^t^txs  matEriels 

Les  acc  El  Era  t  i  ons  longitudinales  +  Gz  sont  pruduites  par  la  centrit'ugeuse 
LatEcoore  26o.  Elle  est  constitute  d*un  axe  vertical  de  rotation  qui  porte  un  bras  hori- 
^ontal  de  6  metres  de  long,  a  I'extromitE*  duquel  une  nacelle  est  fixEe.  La  nacelle  oscil- 
le  librement  dans  le  plan  vertical.  Ainsi  1  *accc‘lc‘ratlon  resultant  de  la  composition  du 
vecteur  centrifuge  crEE  par  la  rotation  et  du  vecteur  gravitE  est  toujours  perpendicu- 
laire  an  plancher  de  la  nacelle  (Fig.  1).  Cette  accElcEration  rosultante  normale  au  plan- 
c her  s'exerce  dans  1 ' axe  du  dossier  du  siege  sur  lequel  s*appuie  le  sujet  testE, 

L' ins t al 1  at i on  de  la  nacelle  comprend  : 


a  rec  evo i r  le 


de  a  distance 
poignEe  de  to 


un  siege  Ejectable  Martin  Baker  MK4  muni  d'une  gouttiere  latErale  destinEe 
bras  gauche  du  sujet  ; 

une  camera  de  tElE'vision  couleur,  pointEe  sur  la  face  du  sujet  ; 
un  Eclairage  d'ambiance  pour  la  tElEvision  ; 

un  appareil  de  plethysmographie  par  impedance  Electrique  ; 

un  brassard  de  prise  de  pression  artErielle  mtini  d  ’  un  dispositif  de  comman- 

une  rampe  semi  circulaire  de  lampes  pour  le  contrfile  du  champ  visuel  avec 
page  pour  accuser  la  rEception  des  signaux  visuels. 


Enregistrements  physiolo^iques 


Les  parametres  phys iologiques  qui  sont  enregistrEs  pendant 
le  test  sont  les  suivants  : 


la  durce  ae  tout 


-  1  *  Elec trocardiogramme  ; 

-  la  frequence  cardiaque  ; 

-  la  pression  artErielle  ; 

-  le  volume  d*  Ejection  systoliqtie  ; 

-  le  champ  visuel  pEriphErique  sur  un  mEridien. 


L*  Elec  trocardiogramme  est  obtenu  a  partir  de  q\iatre  Electrodes  collEes  sur 
la  peau  prEalablement  decapee.  Deux  Electrodes  sont  placEes  dans  la  fosse  sus  Epineuse 
droite  et  gauche,  les  deux  autres  en  regard  du  triangle  de  Jean  Louis  PETIT  (Fig.  2). 
Cette  disposition  permet  d'obtenir  les  trois  derivations  pEri phEri ques  standards  (D1 
D2  D3)*  Elle  minimise  les  perturbations  dues  au  myogramme  et  les  variations  respiratoi- 
res  de  la  ligne  de  base,  elle  offre  un  excellent  rapport  signal  br>iit.  Enfin,  elle 
laisse  le  thorax  entierement  libre  pour  la  mise  en  place  des  Electrodes  de  pi Ethysmogra- 
phie  et  pour  le  captcur  de  phonocardiographie. 


Apres  amplification,  les  signaux  Electriques  recueillis  par  les  Electrodes 
sont  envoyEs  au  moyen  de  contacts  toumants  vers  les  enreg  is  t  rei^rs  terminaux  places  dans 
la  cabine  d ' observat ion  de  la  centrifugeuse  et  sur  un  oscilloscope  cathodique  a  momoire, 
place  devant  le  medecin  responsable  du  test. 


La  frequence  cardiaqu^  calculEe  sur  trc»iE  cycles  est  foumie  en  continu  par 
un  compteur  digital.  Toutefois  les  valeurs  1 igurant  dans  le  rapport  d'expertise  sont 
calculEes  d'apros  le  trace  de  1  **'•  I  ec  t  roc  ardio  gramme  sur  dix  cycles  cnidiaques. 

La  |>res8ion  artErielle  systoliqxie  et  diastoliq\ie  est  mesvirEe  au  moyen  d  ‘  un 
brassard  pneumatique  dont  les  cycles  de  gonflage  et  de  dEgonflage  sont  assures  par  un 
systeme  El cc tromEcanique  actionnE  directement  depuis  le  poste  de  commande.  On  enregistre 
ainsi  l*«'Volution  dans  le  temps  de  la  pression  dans  le  brassard  el  les  variations  du 
pouls  humEral  dEtectEes  par  un  lapleur  de  pression  ^  0,2  kUa. 

Le  volume  d' Eject  ion  systolique  est  mesurE  par  pi  Ethysmograplii  e  par  impEdance 
ilectrique,  technique  non  sanglante  et  uiilisEe  au  LAMAS  depuis  de  nombreuses  annEes. 

Son  princ  ipe  est  simple.  Ivorsqu’un  segment  corporel  est  parcouru  par  un  cou- 
rant  Electrique  de  haute  frEfpience  lea  variations  de  volume  liEes  aux  variations  circula- 
toires  qui  s*y  produlsent,  entraTnent  des  variations  d* impEdance  Electrique.  Un  courant 
de  haufe  frEquence  ( lOO  k)lz)  faiblemeni  voltE,  est  injectE  entre  deux  Electrodes  placEes 
sur  la  peau,  1  '  une  .i  la  base  du  cou  (carotides),  I’autre  a  un  travers  de  main  sous  le 
mamelon  gauche  (rEg i m prEc ord i a  1 e  basse). 

Ce  courant  circule  entre  les  deux  Electrodes  par  les  conducteurs  offrant  la 
rEsi stance  minimum  a  son  passage  (gros  vaisseaux  du  tronc ,  aorte  en  part icul i er ) . 


A  toute  variation  d  ’  impoUaTice  mesurve  eritre  deux  Met  trodes  tutantes  plait’-es 
sur  la  manubriunisternal  eu  regard  de  I'aorte  correspond  une  variation  de  volume  d\i  seg¬ 
ment  aortique  coinpris  entie  les  clectiodes  et  lui-indme  proport  ioiuie  I  au  volu^ie  d'cjec- 
t  ion  systolique.  Grate  a  vui  cJopouillement  graphique  propose  par  KUBICBK  et  au  reperage 
du  temps  systolique  ]»ar  un  plionotardiogramme,  il  est  possible  d’appretier  le  volume 
il'cjettion  et  d’eii  d»'duire  le  debit  aortique  coiumissant  la  frequence  cardiaqueo 

L' adjout  t  ion  d’luie  troisiome  electrode  pemiet  par  ime  commutation  adequate 
de  coiriger  si  besoin  les  vaiiations  liocs  au  ilepl  at  emcnt  <le  I'aorte  asccndante  au  a»  ui'S 
des  a*.  1  «'•!  «'‘rat  i  ons  (Fig^  3)-’ 

Si  une  telle  metfioile  ne  //ei'met  pas  de  I'ouniir  des  valours  absolues  de  d<-bit, 

olle  ost  par  t  a  i  temont  utiiisablo  pour  cvaluer  les  variations  du  debit.  Elies  sont  cxi^ri- 

mees  en  pourtentage  pai*  rapport  a  une  valetir  de  repos. 

Le  te^t  Vi  sue!  perniet  d'ex[>lorer  la  vision  periplierique  sur  un  meridien-  A 
tot  el  lot,  |>et  i  tes  I'miipcs  blanclios  sont  disposecs  tons  les  dix  degres  sur  une  rcfnpe 

semi  cirtulairc  placeo  ilans  un  [ilan  boiizontal  puissant  par  les  yeux  du  su.jeto  L<?.s  deux 
lampes  exterieures  lorsqu’elles  sont  vues  correspondent  a  lui  champ  visuel  de  1/^0®,, 

A  partir  du  poste  de  surveil  Itint  e  modicale,  un  boitier  de  conmiande  assiu'o  de 

tai^on  aleatoire  I'alltimage  de  la  lampe  droite  ou  gauche  la  plus  extreme.  Le  sujet  doit 

maintenir  une  vision  centrale  et  eteindre  les  lampes  a  I'aide  d ' un  bouton  poussoir,  Le 
temps  mis  pour  cette  extinction  est  numerise  et  enregistre  sur  une  impr i mante .  La  non 
extinction  d '  luie  lampe  est  considerec  conune  une  amputation  du  chamj)  visuel  de  20°  et 
I’alliunage  est  alors  commute  sur  le  jeu  de  lampes  suivant. 

Le  dispositif  des  lampes  est  ref)ctc  sur  le  boitier  tie  commande  devant  les 
ycux  du  mcdecin  (Fig.  . 

In  tel  systcme  lermet  non  seulement  d' explorer  le  champ  visuel  mais  encore 
d'apprecier  le  temps  de  rcponse  (temps  de  reaction)  au  stimulus  lumineux  (le  temj>s  moyen 
d'allumage  des  lampes  est  de  iu\c  seconde  environ). 

Frotocole 

Aprcs  mise  en  place  des  electrodes  et  du  brassard  le  sujet  est  instalic  sans 
j>r(Uection  anti  0  svir  le  siege  ejectable  Martin  Baker  oii  il  est  soi gneusement  sangl»'‘. 

•Soil  br(»s  gauche  muni  d'lm  breissard  est  place  en  position  horizontale  dans  la  goultieic 
liiternle  situee  a  la  hauteur  du  coeur.  Le  bouton  poussoir  d’extinction  des  lampes  est 
tonu  dans  la  main  droite.  Cn  casque  d'ecoute  et  un  laryngoplione  sont  mis  en  place  pot.x' 
pennettre  la  conversation  au  cours  du  tost.  Les  branchements  sont  alors  olfoctucs  et  les 
(I  i  ff'e rents  enreg  is  trc<.irs  mis  en  route. 

Une  fois  1  nacelle  fermee  et  l*obscurit6  faite,  il  ost  laissc  quclques  minu¬ 
tes  au  sujet  pour  sc  lamiliarisor  avec  le  test  de  cliamp  visuel. 

L'examen  comprend  deux  lancements  de  la  contrif ugeuse  par  motour  cloctrique. 

Le  premier  lancement  comjiorte  trois  paliers  succcsslfs  do  }0  secondes  a  +3, 

‘  et  +^5  Gz.  Lg  taux  d '  r  t  ab  I  i  ssement  ost  de  0,5  g/s  pour  chacun  des  paliers.  Cinq  minu¬ 
tes  apros,  un  second  lancement  est  olfcctuc  directement  jusqu’a  5  Cz  appliques  pendant 
20  a  25  secondes, 

Dans  certains  c»is  un  autre  lancement  peut  &tre  realise  jnsqu’a  +  5  ou  +  b  Gz 
av'ec  un  sujet  equipe  d '  un  pantnlon  anti  g. 

Tons  les  parametres  phy s lologiques  recueillis  sont  onregistrt  s  en  cent  mu 
[lour  t  haque  lancement  depuis  5  minutes  avant  le  depart  de  la  centri  fugeuse  jusqu'a  5 
minutes  apre's  son  arr@t., 

Seule  la  pression  arterielle  est  mesurce  avant  le  depart,  pendant  les  pa¬ 
liers,  a  l^arr^t  et  5  minutes  ajires^ 

Pendant  tout  le  test,  une  surveillance  continue  de  chaque  sujet  est  assuree 
par  tel«>vision  doublee  sur  magnetoscope  et  par  liaison  radiophotiique  avec  le  medecin 
responsable  (Fig.  ^t). 

En  outre,  un  calculateur  tournit  par  affichage  numerique  les  indii.ations 
|ihys  I  o  log  iques  suivantes  ; 

-  la  valeur  d'lui  indue  proport  i  oiuie  1  au  debit  aortique  ; 

-  la  valeur  de  la  lr«’quence  caialia^pie  moyenne. 

In  disi>ositil  de  securit*'-  pennettant  l*arr6t  immediat  de  la  c  ont  j*  i  tugeuse 
est  pla<  e  sur  le  pupitre  dii  medecin. 
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A  la  lin  (In  test,  im  rapport,  confident  i  el  nn'dical,  est  envoys  a  1  'expert. 
Dans  ce  ra}>poi’t  est  fait  <4  at  des  impressions  subject  ivcs  ressonties  i)ar  le  patient 
(malaise^  voile  gris  ou  noii’)de  s<in  comjjortenient  general  durant  Je  lancement  (mimiqnes, 
dcmande  d*arr@t)  et  des  resaltats  objecfifs  apportes  par  Jes  enregi s t reinent s  pfiysiologi- 
(pies  ( 1  requeue  e  c  ardi  aqxae  ,  el  ec  trocardiogranimc  ,  press  ion  £irt  er  i  cl  1  e  ,  vo  lume  d  '  e  jec  t  ion 
systolnpie  el  d«'“bit  cardiaque,  champ  visiiel  et  temps  de  reaction).  Une  photocopic  des 
diir«ients  tiaca's  des  par'ametres  cardi  ovasculaires  est  j<»int  a  ce  rapport, 

Disri.rATs 


Notie  etude  porte  sur  3D  dossiers  concernant  27  jtilotes  de  chasse  en  cours 
de  lormation  ou  confirmes^  Kile  couvre  ces  trois  dernieres  annees,  Elle  cornprend  5  cas 

de  pneumothorax  cicatrises  a  evolution  sponianee  ou  operes  (sujets  1  a  5)»  10  cas  de 

malaises  en  (sujets  6  a  13)  2  cas  de  troubles  tensiomiels  (sujets  l6  et  I7)  2  cas 

<le  c  ardiopathies  legeres  :  petites  insulT  1  seuices  aoi-tiques  (sujets  IR  et  19)  »  R  cas  de 

tioublcs  du  rythme  :  cas  de  trouble  de  la  conduction  (sujet  20  a  23)  et  k  l£>s  d'ex- 

li'asystoles  (sujets  2^*  a  27)  •> 


Trois  sujets  ont  »'le  revus.  11  s'agit  du  sujet  10  (malaises  en  vol)  du  sujet 
(bloi  auri  culo-veiiti’iculaii'c  du  premier  degre)  et  du  sujet  26  ( oxtrasystoles  j)erma- 
nent  es )  , 


16  sujets  n'ont  piu'^sente  lors  de  ces  tests  en  c  entri  fugeuse  aucun  trouble 
p.\rticulier  ni  signe  objectif  d  *  intol  eranc  e  cardiovasculaire.  Par  contre,  dans  les  autres 
*,a.s,  des  criteros  objectifs  de  dofaillanco  ont  etc  mis  en  evidence,  II  pout  s'agir  d'im- 
pi'cssious  subjeclives  :  voile  gi'is  ou  noir,  de  malaises  indeterrnines ,  e'est  le  cas  le 
plus  frequent  (6  sujets  22  p,  coni)  accompagnes  de  j)ert  urbat  ions  hcinodynarni  ques  : 
piession  artrrielie  systoLiqiie  et  diastolique  basse  ou  inchangee  (3  sujets  =  11  po  cent) 
pinccment  do  la  d  i  fft’ rent  i  el  lo  (1  sujet  •-  p,  cent)  frequence  cardiaque  trop  accelcree 
ou  ti'op  basse  ( sujets  -  15  p,  cent)  et  de  la  persistance  d’anomalies  elec  troc  ard  iogra- 
pliiquos  pallets  iiggravces  :  troubles  de  la  conduction  (2  sujets  =  7  P*  cent)  ou  extra- 
systoles  permanentes  (2  sujets  -  7  P*  cent), 

DISCUSSION 


Vne  analyse  plus  dctaillce  de  nos  differents  cas  apporte  les  renseignements 
nccessaircs  pour  justifier  I'etnploi  de  la  centrifugeuse  ei  les  decisions  d'aptitude  qui 
e  n  ont  d  c  c  o  u 1 e , 


Dans  les  conditions  physiologiques  normales  la  base  et  le  sommet  du  poumon 
ont  une  ventilation  difforente,  Au  sommet  le  vide  pleural  etant  plus  important,  les 
alveoles  sont  plus  ouvertes  au  cours  de  1 ' inspiration  et  se  collabent  moins  bien  au 
cours  de  1 'expiration  qu'au  niveau  de  la  base,  II  s'ensuit  une  relative  distension  du 
sonunet  par  rapport  a  la  base  du  poumon.  Sous  facteur  de  charge  +  Gz  la  force  d'inertio 
atttre  le  poumon  vers  le  bas  et  accentue  cette  distension.  On  peut  done  concevoir  que 
la  rupture  de  petites  bulles  d'alr  emprisonnees  au  niveau  du  cortex  apical  pourrait 
surv'etilr  et  Stre  cause  de  recidive  de  pneumothorax,  En  ce  qui  nous  concerne  nous  n'avons 
jamais  constate  de  troubles  respirato ires  ou  de  recidives  cbez  nos  cinq  pilotes  qui, 
tous ,  avaient  beneficic  d ' une  pleurectomie  a  la  (lARNSLER  apres  leur  pneumothorax,  De 
sn^me  aucujie  reaction  cardio-vasculaire  anormale  n'a  etc  observee®  Une  radiographie  de 
controle  en  j)osition  d ' expiration ,  et  une  epreuve  au  caisson  d  10,000  metres  avec  oxy- 
gene  ont  confirme  ces  constatations,  Ces  5  pilotes  ont  done  ete  reconnus  aptes  pilotes 
de  chasse  sans  restriction, 

Le  i>robleme  des  malaises  en  vol  est  surement  un  des  cliapitres  de  la  medccine 
aeronaut  ique  le  plus  preoccuj>ant  et  le  ])lus  frequent  mats  qui  laissc  bien  souvent  le 
medec in  dans  I ' i nc ert itude  sur  les  etiologies  possibles, 

Les  accelerations  ont  ete  tres  souvent  incriminecs#  D '  une  fagon  genercile 
deux  cas  peuvent  6tre  envisages,  soit  les  mal.aises  ne  sont  pas  declenches  par  les  acc,'.- 
lei'ations,  suit  elics  sont  directement  en  cause, 

1,  -  Sur  nos  10  pilotes,  trois  d'entre  eux  ont  parfaitement  bien  tolere  les  lancoments 
on  c  en  t  r  i  1  ugcMjse ,  taut  du  point  de  vue  subjectif  qu'objectif,  Leur  comi)ortoment  hemody- 
namiqiiG  est  piirf  ni  tement  normal  et  il  ne  parait  pas  jiossible  d'accuser  les  ac  c  el  ei’a  t  i  ons 

I  o mine  i  ause  unique  dvi  malaise  survenu  au  cours  d*une  evo.lution  en  vol,  Le  fact  cui'  declen- 
I  liaut  d<j  i  t.  6tre  recherche  allleurs  (facteur  psychologique  ou  social,  fatigue  passagere, 
etc  ,,,),  Api'es  surveillance,  ces  pilotes  ont  etc  maintenus  aptes  pilote  de  chasse, 

2,  -  11  n'en  est  pas  de  meme  dans  les  7  autres  cas  ou  les  malai  ses  ac  c om])agn€>nt  les 

ac  c  e  I  '’rat  i  ons  • 


a)  Les  malaises  troavent  leur  explication  datis  un  troiible  hemod>Tiam  i  que 
i  ndu  i  t  par  les  accelerations.  Cette  delaillance  liemodynamiquc  peut  j»t\rfois  &tre  specta- 
ctilaire  :  pression  arterielle  systolique  et  diastolique  trop  basse,  raiement  suporieure 
.»  lj/9  (sujets  10  et  12),  11/5  d  5  Gz  (loar  I'lin  deux  ;  pJneement  de  la  dif ferentielle 

(sujet  R  :  17, “^/iG  a  +  5  Gz),  tachycardie  superieure  a  150  coups  minute  (sujets  9  et  10), 
bradycardie  (sujets  R  et  l^l),  Bien  souvent  ces  symptomes  s '  ac  c  ompagnent  du  cortege  habi¬ 
tue!  de  signes  subjectifs  (voiles,  sensations  desagrcables ,  etc,,,).  H  convient  cepen- 
darit  (le  signaler  que  nous  n'avons  jamais  observe  de  troubles  do  1  '  elec  t  rocardiograntne  • 


4-S 


b)  A  1 'oppose,  dans  certains  cas,  on  ne  trouve  aucune  exi)lication  cardio- 
vascviiaire  a  1 'apparition  des  malaises*  Cependant,  les  accelerations  decienchent  les 
memos  troubles  :  perte  du  champ  visuel  objectivec  i)ar  le  test  (sujets  11  ot  15),  nevral- 
gies  occ ipi to-cervicalos  (sujet  11) *  Dans  ce  cas  on  est  le  plus  souvent  orionte  vers  luie 
perte  de  motivation  que  vers  ime  inadaptation  cai'd  io~vascul  i  re  aux  acc  elera  t  ions  * 

Quo  i  qu'il  <?.i  st^  i  t ,  cos  j)ilotes  <)nt  et«-  rec  J  asscsajitcs  piiotes  do  transport* 
LTie  exception  a  etc  I'aite  poui'  le  su.jot  n®  10  qui  a  etc  vu  deux  t'ois  et  pour  lequel  uiio 
decision  delinitive  u'a  pas  etc  prise* 

Les  sxijets  16  et  17  presentent  des  cas  un  jieu  particuliers*  Le  premier, 
jeiuie  olevc  piloto  etait  iil’llige  d ' unc  hyi)otension  qualifiee  de  labile*  Au  cours  du  pas¬ 
sage  en  c cut r i fugeusG  avec  ot  sans  pantalon  anti  g  malgro  ime  pression  artorielle  asaez 
basse  nous  n'avcjns  ja'iuus  constate  de  sigiies  de  def'aillance  cardio-vasculaire  pour  une 
acceleration  de  -  5  ,  pendant  une  minute*  Le  deuxieme,  pilotc  confirme,  age  de  39  ans , 

i\  la  suite  <l'i:no  nejthroputhie  interstitielle  avait  une  hyiiertension  arteriello  modereo, 
roduite  pai'  la  prise  journaliere  d'un  demi  comprime  d'acebutolol  (b^^ta-bl  oquant )  *  La 
encore,  la  tolerance  cardio-vasculaire  aux  accelerations  etait  excellente*  Kn  consequen¬ 
ce,  son  aptitude  pilote  de  chasse  a  etc'*  maiiitenu  poui*  6  niois  avec  re.hos[)i  tal  i  sa  t  ion  a 
1 '  i s  sue • 


Le  rcglement  stipule  que  toute  cardiopathie  entraine  1' inaptitude  pilote  de 
chasse*  Malgre  I'excellente  tolerance  hc*modynamique  sous  accelerations  manitestee  par 
J  es  piiotes  18  et  19,  affectes  d’une  legere  insiiftisance  aortique,  1' inaptitude  devait 
done  s'imposer*  Cependant  devant  ces  leflultats  tavorables,  .1  'expert  hosj>i  t<»  L  ier  a  pro¬ 
pose  la  demande  d'une  derogation  pour  un  an  sous  reserve  d'une  expertise  annuelle  avec 
bilan  complet, 

Les  troubles  du  rythme,  blocs  auriculo-ventriculaire  ou  cxtrasystoles  sont 
d ' observat ion  banale  au  cours  des  accoloratLons  +  Gz  soutenues*  Le  probleme  devient  plus 
complexe  lorsque  ces  anomalies  existent  ou  apparaissent  au  cours  de  la  vie  jirofession- 
nelle  d'un  pilote*  C'est  ainsi  que  I'on  a  decouvert  un  bloc  auriculo-vcntriculairo  du 
premier  degro,  un  bloc  de  branche  droit,  un  bloc  auriculo-ventriculaire  du  deuxieme 
degre  ty^^e  Luc iani -Wenckebach  (MOBITZ  I)  et  une  libiiTlation  auriculaire  consecutive  a 
une  erreur  diotetique*  Les  epreuves  en  centrifugeuse  ‘nt  montre  une  bonne  tolerance 
cardio-vasculaire  aux  accelerations  et  aucune  alteration  des  traces  electrocardiogra- 
phiqueso  Cejicndant,  1 '  an  d’eux  a  etc  declare  inapte  a  tout  emploi  dans  le  persormcl 
navigant  car  il  s'agissait  d'une  visite  d'admission*  Lee  autres  boneficient  d'une  apti¬ 
tude  temporairc  reconduite  lorsque  les  rcoultats  des  visites  de  contrSle  sont  satislai- 
sants* 


La  pemianence  d ' extrasystoles  ne  parait  pas  etre  d’un  bon  pronostic  pour  la 
larriere  d'un  pilotc  do  chasse*  Lorsqu'il  s'agit  d'un  jeune  oleve  candidat  pilote,  cotto 
atiotnalie  «'•  I ec troc ardiographique  entraine  son  elimination  (inaptitude  a  tout  emploi  dans 
lo  i)ers)nnel  navigant)*  C'est  ce  qui  est  advenu  a  I’un  de  nos  malades  presentant  des 
ext rnsysto] OS  ventriculaires  monomorphes  quadrigeminces  et  nombreuses  qui  persistaient 
sous  c  1  «rat  i  oils  *  La  decision  est  nioins  rigoureuse  lorsqu'il  s'agit  d'un  pilote  an- 
•  len.  Ce  lut  le  cas  d'un  pilote  plus  confinne  dont  1 '  electrocardiograiime  comporte  des 
extrasystoles  pennanentes  mais  chez  lequel  on  n'a  jamais  observe  de  dofaillance  cardio- 
vasi.ulaire,  en  partlculier,  d' effondrement  du  volume  d'ojection  systolique  ou  de  pince- 
ment  de  !a  pression  nrtv'rielle  differentielle ,  ni  d*  aggravation  du  trouble  du  rythme 
sous  ac  c  i-  \  /-rat  i  ons  * 

Cependant,  un  reclassement  dans  le  transport  a  etc  propose, Le  plus  souvent, 
ces  extrasystoles  coexistent  sur  un  Tond  de  vagotonie  et  ne  semblent  pas  affecter  gi'ave- 
luent  les  reactions  cardiaques  et  vasculaires  pliysiologiques  drclenchees  normalement  par 
les  ac  c  /’I  /-rations  * 

CONCLUSION 


Le  Laboratoire  de  Medecine  Aerospatiale  du  Centre  d'Essais  en  Vol ,  equip/- 
d'une  centrifugeuse  et  de  moyens  de  mesures  autorisant  une  exploration  fonctionnelle 
c ard  i  ovasc Liiaire  adequate  sous  accelerations,  a  teste  au  cours  de  ces  trois  dernieres 
annees  1^7  fiilotes  de  chasse*  Ces  piiotes  ctaient  affectes  de  troubles  vasculaires,  car¬ 
diaques  ou  resp  Lratoires ,  ou  avaient  manifesto  des  malaises  en  vol  au  cours  d'accZ-lera- 
tions*  Ces  examens  ont  permis  d'apporter  une  contribution  capitale  a  l'exi)ert  charge  do 
prendre  unc  decision  d'aptitude*  II  est  en  effet  possible  de  suivre  sur  le  plan  psycho- 
logique  et  jfhysiologique  (surtout  cardiovasculaire )  le  pilote  dans  des  conditions  do 
simulation  rejirodu j sant  au  mieux  I'agression  rcncontree  dans  sa  vie  prof ess lonne 1 1 e • 

Ces  epreuves  r/p/t/es  a  volonte  permettent  d'analyser  les  evolutions  transitoiros  favo- 
rables  ou  de tavorables ,  et  de  detector  les  effets  eventuels  du  vieillissement  ihi  patient  * 

K1  les  permettront  peut  &tre  dans  I'avenir  <le  tester  la  tolerance*  a  cci'taines 
th/rapeut i ques • 

Cependant,  la  mise  en  oeuvre  de  ces  epreuves  realise  ime  cliargc  lourdc  on 
temps,  on  materiel  et  personnel,  qui  en  freine  leur  emploi  plus  systematise, 

-  Travail  du  Laboratoire  de  Medecine  Aerospatiale  du  Centre  d'Lssais  en  Vol  de 

Br /■  t  i  gny- sur-Orge  et  du  Service  de  Medecine  Aeronautique  de  I'llopital  d' Instruc¬ 
tion  des  Armees  0.  Larrey  Versailles* 


Fig.  1  C  omposition  des  vecteurs  d’acceleration 
sur  un  sujet  assis  dans  la  centrifugeuse 


Figure  2 


Positions  adoptees  pour  les  electrodes 
de  1  * electrocardiographe 


Sujet  equipe  : 

+  des  electriides  de  plethysmop-raphie  electrique, 

++  du  capteur  de  phonocardiographe  maintenu  par  une 
bande  elastique, 

+++  du  brassard  de  prise  de  pression  arterielle  au  bras  gauche 


i'igiire 


DISCUSSION 


DR  J  E  WHINNERY  (US) 

1.  Are  there  fighter  aircraft  in  the  French  Air  Force  which  have  the  requirement  for  breathing 
100%  oxygen  throughout  flight  (including  aerial  combat  and  manoeuvres)? 

2.  What  type  and  frequency  of  'extrasystoles'  such  as  you  described,  particularly  the  ventricular 
extrasystoles,  are  considered  benign  and  compatible  with  continued  French  fighter  aircraft  flying 
status?  Perhaps  put  in  a  better  way,  what  types  are  specifically  disqualifying  in  the  ventricular 
extrasystole  category? 

AUTHOR 

1.  There  is  no  particular  French  regulation  concerning  the  breathing  of  100%  oxygen.  The 
regulation  followed  is  almost  the  same  as  that  of  the  F.A.R. 

2,  In  the  entrance  examination  for  flying  personnel,  the  existence  of  'extrasystoles'  is 
disqualifying.  On  the  otherhand,  in  the  case  of  a  trained  pilot,  where  extrasystoles  exist 
(including  those  arising  under  acceleration)  without  any  other  cardiovascular  abnormality, 
reclassification  as  a  transport  pilot  may  be  contemplated. 

DR  D  R  JONES  (US) 

Can  you  give  any  follow-up  data  on  those  aircrev  whom  you  treated  for  motion  sickness? 

AUTHOR 

We  have  had  three  years  follow-up  without  problem.  Of  the  three  pilots  considered  fit  for  fighter 
aircraft,  their  airsickness,  which  was  not  due  to  acceleration  stress,  did  not  cause  them  further 
difficulty.  Seven  pilots  were  recategorised  to  transport  aircraft  (their  airsickness  was  related 
to  acceleration  stress)  and  one  of  them  has  had  continuing  problems  which  are  the  subject  of  current 
review. 

DR  J  CLFMENT  (BE) 

You  have  illustrated  a  case  of  quadrigeminal  extrasystole.  What  decision  would  you  have  reached  if 
the  patient  in  question  had  been  a  test  pilot? 

AUTHOR 

In  my  opinion,  in  such  a  case  the  pilot  should  be  retained  on  full  flying  status.  I  believe  it  is 
necessary  to  investigate  the  origin  of  his  extrasystoles  and  take  a  full  medical  history.  In 
particular  it  is  important  to  exclude  a  reduction  in  strobe  volume  or  pulse  pressure  and  any  increase 
in  rhythm  disturbance  under  acceleration. 


EXPERIENCE  WITH  HIGHIY  SELECTIVE 
SCEEENING  TECHNIQUES  FOR  ACCELERATION  STRESS  DUTY 

Bernard  E.  Hearon,  Capt,  USAF,  MC,  FS 
James  H.  Raddin,  Jr.,  Lt  Col,  USAF,  MC,  FS 

Biomechanical  Protection  Branch 
Air  Force  Aerospace  Medical  Research  Laboratory 
Wright-Patterson  Air  Force  Base,  Ohio  45433 
United  States  of  America 

High-speed,  low-level  nission  profiles  performed  in  highly  maneuverable  aircraft  place  rigorous 
physical  stresses  on  aircrewmembers.  The  potential  for  unconventional  maneuvers  in  control -configured 
(or  vectored-force)  six  degree-of -freedom  aircraft  further  accentuate  the  problem.  The  stresses  exceed 
those  normally  encountered  in  conventional  missions  and  therefore  suggest  the  development  o'  more 
rigorous  screening  techniques  to  select  crewmembers  fo-"  high  stress  missions.  Such  techniques  should 
only  be  applied  if  evidence  indicates  inadequacies  i:i  mission  effectiveness  or  safety  which  are  attri¬ 
butable  to  the  use  of  current  aircrew  screening  techniques.  This  is  true  since  more  selective  screening 
-equires  a  greater  investment,  eliminates  a  portion  of  previously  successful  candidates,  and  should 
dei.iand  evidence  that  successful  candida''es  will  perform  significantly  better  than  unsuccessful  ones.  In 
considering  these  issues  it  is  enlightening  to  review  ptevious  experience  at  the  Ai.  Force  Aerospace 
Medical  Research  Laboratory  (AFAMRL)  in  the  application  of  more  stringent  screening  standards  as  applied 
to  an  active  duty  USAF  population. 

INTRODUCTION 

The  mission  of  the  Biomechanical  Protection  Branch  (BBP)  of  AFAMRL  is  to  develop  protection  technol¬ 
ogy  for  mechanical  stress  environments,  to  apply  biomechanical  technology  in  the  development  of  design 
criteria  for  aircrew  restraint  and  emergency  escape  systems,  and  to  determine  human  biodynamic  imnact 
response  using  current  or  proposed  protection  systems.  To  accomplish  these  goals,  AFAMRL/BBP,  a  a  part 
of  its  ongoing  research  efforts,  conducts  impact  acceleration  tests  in  the  three  cardinal  axes  utilizing 
human  volunteer  subjects.  Facilities  utilized  include  the  Vertical  Deceleration  Tower  (for  Gj  expo¬ 
sures)  and  the  Horizontal  Decelerator  and  Impulse  Accelerator  sleds  (for  Gx  and  Gy  exposures).  Data 
is  obtained  by  means  of  high-speed  films  of  the  event,  load  cells  mounted  in  the  seat  and  restraint 
system  and  acceler>.-'eter  packs  mounted  on  the  subject.  These  tests  are  conducted  in  accordance  with  the 
guidelines  for  human  ->xperimentation  established  in  Air  Force  Regulation  169-3.  A  ietailed  Human  Use 
Research  Protocol  prepared  by  the  investigators  in  advance  of  each  proposed  test  program  is  presented  to 
and  subject  to  the  approva'  of  the  AFAMRL  Homan  Use  Review  Committee.  Th'.s  'ommittee,  which  is  composed 
of  USAF  flight  surgeons,  safety  officers,  civilian  researchers,  a  nur'e,  a  chaplain,  and  a  legal  consul¬ 
tant,  oversees  all  AFAMRL  experiments  in  which  humans  are  utilized.  Through  the  chain  of  command, 
ultimately,  the  USAF  Surgeon  General  must  approve  all  "at-risk"  human  experimentation  conducted  at 
AFAMRL.  Recent  impact  test  programs  conducted  at  BBP  include  the  evaluation  of  a  proposed  modified 
F/FB-111  crew  seat  and  restraint  system  (ref.  2)  and  the  initial  -Gx  investigation  of  the  concept  of 
dynamic  preload  (ref.  9). 

A  group  of  approximately  twenty-five  active  duty  Air  Force  officers  and  enlisted  personnel  partici¬ 
pate  as  subjects  in  this  impact  research.  These  individuals  comprise  the  Impact  Acceleration  Stress 
Panel  which  is  medically  supervised  by  a  UoAF  flight  surgeon  designated  as  the  Impact  Panel  Physician. 

The  subjects  are  derived  from  the  large  population  of  active  duty  USAF  personnel  permanently  assigned  to 
AFAMRL  and  other  USAF  organizations  at  Wright-Patterson  Air  Force  Base.  Their  primary  duty  assignments 
are  other  than  participating  as  volunteer  subjects  Although  a  panel  of  "professional"  volunteer  sub¬ 
jects  is  utilized  in  impact  experiments  elsewhere  in  the  United  States  (ref.  11),  we  believe  that  an 
individual's  primary  duty  assignment  must  be  separate  and  distinct  from  his  participation  as  a  research 
subject  as  a  prerequisite  for  such  participation  being  truly  voluntary  on  a  continuing  basis.  Informed 
consent  of  all  volunteers  is  initially  obtained  and  documented  for  each  test  program  following  a  subject 
briefing  at  which  the  purpose  o‘  the  proposed  research  is  explained  by  the  principal  investigator,  the 
potential  adverse  effects  (medical  risks)  are  detailed  by  the  ned.cal  investigator,  and  all  subject 
questions  are  addressed.  Ongoing  consent  is  assured  by  repeatedly  emphasizing  to  all  subjects  that  they 
are  free  to  withdraw  from  participation  at  any  time  without  prejudice  and,  during  each  impact  exposure, 
by  providing  the  subject  with  a  finger-operated  microswitch  which  he  must  actively  depress  throughout  the 
pretest  phase  for  the  impact  to  occur.  An  on-site  physician  designated  as  the  medical  monitor  is  present 
for  each  human  impact  exposure  to  insure  subject  safety.  The  monitor  has  the  capability  to  abort  the 
test  at  any  time  prior  to  impact  (by  means  of  a  finger-operated  switch)  for  any  circumstance  he  believes 
would  place  the  subject  at  undue  risk  and  is  able  to  provide  emergency  medical  care  in  the  unlikely  event 
of  a  misadventure. 

CURRENT  CANDIDATE  SCREENING  PROCEDURE 

In  orHer  to  qualify  for  participation  in  impact  acceleration  stress  experiments,  candidates  must 
successfully  complete  an  intensive  medical  evaluation.  The  goal  of  this  evaluation  is  to  eliminate  from 
ronsiderat  .on  not  only  those  individuals  with  clearly  disqualifying  physical  defects  (e.g.,  inguinal 
hernia,  significant  cardiac  murmur),  but  also  those  candidates  who  may  have  more  subtle  physical  defects 
of  the  vertebral  column,  since  we  believe  that  all  of  these  candidates,  by  virtue  of  these  defects,  may 
possibly  be  predisposed  to  injury  ’n  the  impact  environment.  Admittedly,  this  philosophy  results  in  a 
panel  of  "supra -normar'  individuals;  however,  we  believe  that  such  an  approach  is  necessary  to  insure 
subiect  safety. 

Due  to  the  large  number  of  active  duty  personnel  assigned  to  Wright-Patterson  Air  Force  Base, 
recruiting  a  sufficient  number  of  volunteers  has  not  been  a  problem.  In  fact,  a  waiting  list  of  indi¬ 
viduals  who  have  expressed  an  interest  in  becoming  panel  members  is  maintained.  As  positions  on  the 
Impact  Panel  become  available,  generally  by  panel  members  leaving  military  service  or  moving  to  new 


duty  stations,  candidates  on  the  waiting  list  are  offered  a  screening  interview  with  the  Panel 
Physician.  During  this  interview,  the  physician  reviews  the  candidate's  medical  records  with  a  view 
towards  eliminating  those  individuals  who  would  not  be  suitable  impact  subjects  on  the  basis  of  their 
past  medical  history.  These  would  include  candidates  with,  e.g.,  a  prior  history  of  chronic  neck  or  back 
problems,  loss  of  consciousness,  a  major  orthopedic  procedure  (e.g.,  knee  reconstruction),  or  idiopathic 
hematuria.  Following  this  screening,  the  candidates  remaining  are  briefed,  in  general  terms,  regarding 
the  impact  test  program  and  the  potential  medical  risks  of  participation,  are  taken  on  a  tour  of  the 
impact  test  facilities,  and  are  shown  films  of  prior  human  impact  exposures,  so  that  they  may  fully 
appreciate  the  severity  of  the  inertial  response  to  impact  accelerations. 

At  this  point,  the  remaining  prospective  subjects  are  offered  a  medical  evaluation,  as  outlined  in 
Table  1  and  as  detailed  in  the  following  paragraphs.  Note  that  all  subjects  are  required  to  undergo, 
not  only  an  initial  qualification  evaluation,  but  also  an  annual  recertification  exam  as  well  as  a 
termination  evaluation  when  leaving  the  panel.  The  current  requirements  for  each  tyoe  of  medical 
evaluation  are  shown  in  Table  1. 


Requirement 


Examinat  ioji 

Initial  Annual  Termination 


History  and  Physical  Examination  x 
Laboratory  Screen  x 
Electrocardiogram  (EKG)  x 
Pulmonary  Function  Tests  (PFTs)  x 
Electroencephalogram  (EEG)  x 
X-rays  (skull,  chest,  spine)  x 
Treadmill  Stress  Test  x 


Table  1.  Medical  Evaluation  Requirements  for  Impact  Acceleration  Stress  Duty 

1.  A  thorough  physical  examination  by  a  USAF  flight  surgeon,  generally  the  Panel  Physician,  is 
accomplished.  The  purpose  of  this  exam  is  to  identify  and  eliminate  from  consideration  those  individ¬ 
uals  with  positive  physical  findings  which  would  predispose  them  to  injury  in  the  impact  environment. 

For  example,  individuals  with  dental  problems  such  as  poor  dental  hygiene  with  missing  teeth,  mal¬ 
occlusion,  or  significant  bridgework  do  not  have  adequate  dental  structure  to  support  a  bite-block  and 
mouth-mounted  accelerometer  pack,  which  is  required  to  measure  head  acceleration  during  impact.  Those 
with  umbilical  or  inguinal  hernias  would  be  at  risk  for  incarceration  if  exposed  to  impact,  due  to  the 
increased  intra-abdominal  pressure  which  occurs  during  these  accelerations.  Candidates  with  a  notice¬ 
able  scoliosis  or  a  pronounced  lumbar  lordosis  are  considered  to  be  at  higher  risk  for  vertebral  column 
injury  in  the  impact  environment.  All  of  these  individuals  would  not  be  suitable  candidates  for  impact 
.  celeration  exposure  and  all  would  be  eliminated  from  further  consideration.  The  remainder  of  the 
physical  examination  consists  of  sitting  and  standing  blood  pressures,  a  pure  tone  audiogram,  and  a 
visual  acuity  evaluation.  Refraction  and  tonometry  are  generally  not  performed.  Female  candidates 
undergo  a  pelvic  examination  by  a  gynecologist  to  rule  out  gynecologic  contraindications  to  partici¬ 
pation. 

2.  The  laboratory  screen  includes  hematocrit,  platelet  count,  prothrombin  time  (PT),  partial 
thromboplastin  time  (PTT),  RPR,  and  urinalysis,  including  appearance,  specific  gravity,  pH,  blood, 
protein,  glucose,  bilirubin,  and  microscopic  evaluation  of  the  urinary  sediment.  It  is  reasonable  to 
insure  that  individuals  about  to  be  exposed  to  experimental  conditions  in  which  mild  bruising  is  an 
anticipated  and  acceptable  risk  have  a  normal  coagulation  profile.  In  an  extreme  case,  e.g.,  a  candidate 
with  unrecognized  idiopathic  thrombocytopenic  purpura  and  a  platelet  count  less  than  20,000,  would 
certainly  be  at  increased  risk  for  intracranial  hemorrhage  in  the  impact  environment.  In  addition  to 
the  above  laboratory  tests,  female  candidates  must  have  a  negative  pregnancy  test  documented. 

3.  A  standard  12-lead  electrocardiogram  (EKG)  is  performed.  Individuals  with  significant  cardiac 
or  electrocardiographic  abnormalities  are  referred  to  a  cardiologist  for  consultation  and  further 
evaluation  (e.g.,  vector  cardiogram  or  echocardiogram),  as  required. 

4.  Pulmonary  function  studies,  including  determinations  of  forced  vital  capacity  (FVC),  forced 
expiratory  volume  in  one  second  (FEVl),  and  maximum  mid-expiratory  flow  rate  (MMEFR)  are  performed. 

Since  subjects,  in  some  restraint  harness  configurations,  experience  a  restriction  to  inspiratory 
effort,  a  candidate  with  a  baseline  restrictive  deficit,  e.g.,  as  indicated  by  a  decreased  FVC,  would 
be  subject  to  higher  risk  in  the  impact  environment  than  would  a  normal  candidate  and  would,  therefore, 
not  be  a  suitable  subject  for  impact  testing. 

5.  An  electroencephalogram  (EEG)  is  accomplished  and  interpreted  by  a  neurologist  in  order  to 
exclude  those  with  latent  seizure  activity  or  other  EEG  abnormalities  and  to  obtain  a  baseline  for 
comparison,  since  the  potential  for  head  trauma  exists  in  this  experimentation.  The  EEG  is  of  some 
diagnostic  value  in  assessing  brain  trauma,  particularly  in  assessing  cerebral  contusions  and  lacer¬ 
ations  as  well  as  subdural  hematomas.  This  examination  is  of  less  value  in  assessing  cerebral 
concussions. 


6.  Notwithstanding  clear  evidence  which  indicates  that  the  exercise  stress  test  is  of  limited 
predictive  value  in  the  detection  of  coronary  artery  disease  in  asymptomatic  individuals  (ref.  8),  all 
candidates  are  required  to  perform  a  treadmill  exercise  stress  test  (Balke  protocol).  The  significant 
cardiopulmonary  work  load  imposed  by  this  test  permits  evaluation  of  the  cardiac  rhythm  at  increased 
heart  rates,  which  simulates  the  pre-impact  test  phase  when  subject  anxiety  is  present  ana  there  is  a 
significant  tachycardia.  Maximum  oxygen  consumption  is  computed  and  evaluated  for  each  candidate. 

Test  results  are  discussed  with  a  cardiology  consultant,  as  indicated. 
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7.  X-ray  requirements  include  the  following  fourteen  films;  skull  (AP/1 ateral) .chest  (PA/lateral ) , 
and  spine  (odontoid  process,  AP/lateral  cervical  spine,  AP/latei  al  thoracic  spine,  and  AP/lateral/ 
coned-down  lateral /right  and  left  oblique  lumbosacral  spine).  1  dividuals  who  demonstrate  radiographic 
evidence  of  previous  vertebral  column  trauma  and/or  congenital  anomalies  may  be  predisposed  to  injury  in 
the  impact  environment.  For  this  reason,  disqualifying  radiographic  findings  include  (among  others); 

Vertebral  Compression  Fractures 
Oise  Space  Narrowing 
Spondylolisthesis 
Extreme  Lumbar  Lordosis 
Schmorl's  Nodes  (two  or  more) 

Spondylolysis 

Degenerative  Spine  Disease  (spurring,  bridging) 

All  x-rays  are  reviewed  with  a  radiology  consultant  as  well  as  an  orthopedic  consultant,  as  required. 

The  final  step  in  the  candidate  qualification  process  is  a  review  of  all  the  data  derived  from  the 
medical  evaluation  by  the  Panel  Physician  and,  in  turn,  by  the  physician  Chairman  of  the  HURC.  Addi¬ 
tional  tests  or  consultations  are  obtained,  if  indicated.  We  believe  that  this  initial  medical 
evaluation  is  sufficiently  stringent  to  eliminate  as  potential  subjects  all  individuals  with  physical 
defects  or  anomalies  which  would  place  them  at  a  higher  risk  for  injury  during  impact  accelerations 
than  those  individuals  with  no  such  defects.  To  date,  no  subject  has  been  jeopardized  as  a  result  of  a 
deficiency  in  this  screening  technique.  Our  evaluation  is  more  rigorous  than  a  routine  USAF  flying 
physical  examination,  since  the  latter  does  not  require  pulmonary  function  tests,  an  electroencephalo¬ 
gram,  an  exercise  stress  test,  or  skull/spine  x-rays.  Nonetheless,  the  medical  standards  outlined  in 
Air  Force  Regulation  160-43  are  used  as  guidelines  in  all  evaluations. 

RETROSPECTIVE  ANALYSIS  OF  UNSUCCESSFUL  CANOIOATE  DATA 

A  retrospective  analysis  of  the  medical  evaluations  of  unsuccessful  applicants  for  Acceleration 
Stress  Duty  (ASD)  between  1  Jan  77  and  31  Dec  79  was  conducted  with  a  view  toward  improving  the  current 
screening  procedure.  This  candidate  group  included  applicants  for  both  the  Sustained  Acceleration 
Stress  Panel  and  the  Impact  Acceleration  Stress  Panel  at  AFAMRL.  During  this  period  of  time,  134  appli¬ 
cants  were  processed;  63  candidates  were  successful  and  71  were  not  successful.  The  reasons  for  which 
members  of  this  latter  group  were  not  successful  are  listed  in  Table  2.  Those  who  voluntarily  withdrew 
did  so  for  personal  reasons  or  because  they  were  preparing  to  change  duty  assignments  at  the  time  their 
applications  were  reviewed. 

Basis  for  Disqualification  Number  Disqualified 

Physician  Screening  8 

Medical  Evaluation  Data  45 

Voluntary  Withdrawal  18 

Table  2.  Reasons  for  Disqualification  of  Unsuccessful 
Candidates  (1  Jan  77  -  31  Dec  79) 

Of  the  45  candidates  who  were  medically  disqualified,  42  were  eliminated  on  the  basis  of  radio- 
graphic  findings  related  to  the  vertebral  column  and  only  three  were  eliminated  on  the  basis  of,  e.g., 

EEG  or  other  abnormalities.  This  high  incidence  of  radiographic  spinal  abnormalities,  at  first  glance, 
is  surprising  in  a  population  of  asymptomatic  individuals  with,  ostensibly,  no  past  history  of  signifi¬ 
cant  neck  or  back  trauma.  However,  note  that  the  type  of  individual  who  applies  for  Impact  Acceleration 
Stress  Duty  is  typically  an  adventuresome  sort.  Past  candidates  have  engaged  in  such  activities  as  race 
car  driving,  boxing,  bowling,  football,  skiing,  and  sky  diving.  One  individual's  interest  in  our 
research  was  stimulated  by  his  involvement  in  an  automobile  accident  in  which  he  experienced  a  signi¬ 
ficant  impact.  In  light  of  this  data,  the  high  frequency  of  positive  radiographic  findings  is  less 
startl ing. 

A  review  of  the  entire  screening  x-ray  series  of  the  42  candidates  who  were  disqualified  on  a 
radiographic  basis  revealed  three  major  defect  categories  and  a  distribution  of  specific  defects  through¬ 
out  the  cervical,  thoracic,  and  lumbosacral  spine  as  shown  in  Table  3.  Thus,  there  were  92  disqualifying 
defects  among  42  unsuccessful  candidates.  Some  prospective  subjects  had  multiple  and  different  disquali¬ 
fying  defects  evident  on  the  same  x-ray  film.  Others  had  multiple  and  sometimes  different  defects  on 
multiple  (at  times  as  many  as  5)  x-rays. 

Since  one  of  the  tacit  principles  of  clinical  and  particularly  of  research  medicine  is  to  minimize 
human  radiation  exposure,  we  correlated  each  disqualifying  defect  with  the  x-ray  which  revealed  that 
defect,  in  an  attempt  to  determine  the  relative  "yields"  of  significant  defects  for  each  particular 
type  of  x-ray.  The  results  of  this  effort  appear  in  Table  4.  (The  lateral  chest  x-ray  and  oblique 
x-rays  of  the  lumbosacral  spine  have  recently  been  added  to  the  AFAMRL  screening  protocol  and,  therefore, 
do  not  appear  in  Table  4.)  A  relatively  small  number  of  disqualifications  occurred  on  the  basis  of  AP 
spine  films.  All  were  related  to  scolioses.  (Some  of  these  candidates  had  other  disqualifying  defects 
on  other  x-rays  as  well.)  We  believe  that  all  cases  of  scoliosis  should  be  considered  on  an  individual 
basis,  as  some  candidates  with  mild  scolioses  (less  than  10*  curvature)  are  suitable  for  ASD.  Clearly 
the  x-rays  which  most  frequently  revealed  disqualifying  defects  were  the  lateral  thoracic,  lumbosacral, 
and  cervical  spine  films.  Sixty-four  of  the  eighty-two  x-rays  which  revealed  disqualifying  defects  were 
lateral  spine  films.  Thirty-nine  of  the  forty-two  candidates  disqualified  on  the  basis  of  radiographic 
findings  were  eliminated  on  the  basis  of  one  or  more  of  these  three  lateral  spine  films.  Therefore, 
these  data  indicate  that  a  large  percentage  of  those  candidates  who  will  be  eliminated  for  radiographic 
reasons  may  be  adequately  screened  by  three  lateral  spine  films,  if  "wet  readings"  of  these  films  are 
provided  during  the  radiographic  screening. 
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Thus,  as  a  result  of  this  retrospective  analysis  of  unsuccessful  candidate  data,  o  ir  initial  medical 
evaluation  screeninq  procedure  has  been  modified  in  two  respects.  First,  since  4?  of  tie  4b  candidate 
eliminations  during  the  medical  evaluation  were  on  the  basis  of  x-rays,  applicants  are  cucently  radi¬ 
ographically  screened  immediately  following  completion  of  the  history  and  physical  examination  and  prior 
to  all  other  elements  of  the  medical  evaluation.  Second,  since  39  of  the  4?  candidates  disqualified  for 
radiographic  defects  were  eliminated  on  the  basis  of  the  lateral  spine  films,  all  candidates  are 
currently  "pre-screened"  by  first  obtaining  and  reviewing  these  three  films.  If  no  abnormalities  are 
noted,  then  the  remaining  required  x-rays  are  accomplished.  However,  if  disqualifying  radiographic 
abnormalities  are  noted,  then  no  further  x-rays  or  other  elements  of  the  medical  evaluation  are  pursued. 
Since  adopting  these  modifications  on  1  Jan  80,  several  candidates  have  been  disqualified  due  to  radio- 
graphic  defects  diagnosed  with  less  than  a  full  complement  of  screening  x-rays. 


Radiographic  Abnormality 

Region 

of  Spinal  Involvement 

Cervical 

Thoracic 

Lumbosacral 

Total 

Trauma-Re  1 aled 

OTsc  5’p'ace  Narrowing 

8 

5 

2 

15 

Loss  of  Anterior  Vertebral  Height 

0 

8 

2 

10 

Loss  of  Posterior  Vertebral  Height 

0 

1 

2 

3 

Schmorl's  Nodes  (two  or  more) 

0 

18* 

7* 

19 

"Fish"  Vertebrae 

0 

0 

1 

1 

Degenerative  Disease 

Anter ior  Br idg ing 

1 

4 

1 

6 

Anterior  Lipping 

0 

5 

0 

5 

Anterior  Osteophyte  Formation 

4 

0 

0 

4 

Spondylosis 

1 

0 

0 

1 

Cur vatu re /A1 iqnment 

Marked  Kyphosis 

- 

2 

- 

2 

Marked  Lordosis 

0 

- 

6 

6 

Compound  Lordosis 

8 

- 

0 

8 

Significant  Scol  iosis 

0 

7»* 

5** 

7 

Spondylo  1  isthes  is 

0 

0 

4 

a 

Abnormal  Vertebral  Alignment 

1 

0 

0 

1 

Tjta'  Number  of  Abnormalities 

9? 

•Six  abnormalities  involved  both 

thoracic  and 

lumbosacral 

spine. 

•‘Five  abnormal  It ies  involved  both 

thoracic  and 

lumbosacral 

spine . 

Table  3.  Types  and  Distribution  of  Disqualifying  Radiographic  Defects  (1  Jan  77  -  31  Dec  79) 


Type  of  7-^^ 


Number  of  X-rays  Revealing 
Disqualifying  Defects 


T-spine  (lateral  25 
LS-spine  (lateral  or  coned-down  lateral)  21 
C-spine  (lateral)  18 
T-spine  (AP)  8 
LS-spine  (AP)  6 
C-Spine  (AP)  3 
Odontoid  1 
Chest  (PA)  1 
Total  5? 


Table  4.  Numbers  of  Disqualifying  Defects  Indicated  by  Specific 
X-rays  (1  Jan  77  -  31  Dec  79) 


DISCUSSION  OF  SPECIFIC  RADIOGRAPHIC  FINDINGS 


Schmorl's  or  cartilaginous  nodes  are  intervertebral  disc  herniations  into  adjacent  vertebral  bodies 
(ref.  10).  When  Schmorl  initially  investigated  cadaver  spines,  he  found  evidence  of  this  end-plate 
disruption  and  nuclear  prolapse  in  38*  of  3000  specimens  examined.  Wissing  later  observed  radiographic 
evidence  of  Schmorl's  nodes  in  13.5*  of  over  400  x-ray  series.  In  a  recent  study  of  50  cadaver  slab 
radiographs  of  the  thoracolumbar  spine,  Hilton  (ref.  7)  found  at  least  one  Schmorl's  node  in  76*  of  the 
cases.  Minimum  end-plate  displacements  of  one  millimeter  are  required  to  be  detected  radiographically 
(ref.  5).  On  x-ray,  the  herniated  disc  material  initially  appears  as  a  poorly  defined,  localiced, 
radioliirent  depression  along  the  vertebral  end-plate.  Later,  it  may  extend  deeper  into  the  vertebral 
I'ldy  substance  and  develop  an  osseous  boundary.  This  localized  radiolucency  and  sclerotic  boundary  is 
pathognomonic  of  a  Schmorl's  node  (ref.  4).  These  nodes  occur  more  frequently  in  whites,  are  most 
frequently  seen  in  teenage  males,  frequently  involve  several  vertebral  bodies,  and  occur  primarily  in  the 
lower  thoracic  and  upper  lumbar  vertebral  bodies  (ref.  1,4).  Individuals  with  these  lesions  are  often 
asymptomatic,  but  aching  pain  and  tenderness  to  palpation  at  the  affected  level  may  be  present  (ref.  4). 
When  these  end-plate  lesions  arise  in  adolescence,  they  may  predispose  the  thoracolumbar  spine  to 
associated  intervertebral  disc  degeneration  in  later  life  (ref.  7). 

Most  authors  (ref.  1,4,10)  agree  ’hat  Schmorl's  nodes  are  precipitated  by  trauma  (perhaps  by  merely 
the  repetitive  trauma  of  daily  ordinar-y  stresses)  superimposed  upon  an  underlying  congenital  defect  in 
chondrif ication  where  blood  vessels  penetrate  the  cartilaginous  end-plate.  Metabolic  and  neoplastic 
disorders  and  degenerative  disc  disease  have  also  been  cited  as  other  processes  which  may  be  causative 
in  Schmorl's  node  formation  by  weaVening  the  cartilaginous  end-plate  or  the  vertebral  body  (ref.  10). 


However,  there  does  not  appear  to  be  an  association  between  Schmorl's  nodes  and  osteoporosis  (ref.  1), 
Since  the  etiology  of  cartilaginous  nodes  seems  to  be  trauma-related,  we  do  not  consider  it  reasonable  to 
expose  individuals  with  these  defects  to  the  additional  stress  of  spinal  loading  which  occurs  during 
impact  accelerations.  We,  therefore,  have  elected  to  eliminate  from  consideration  all  candidates  with 
radiogiaphic  evidence  of  two  or  more  Schmorl's  nodes. 

These  end-plate  lesions  should  not  be  confused  with  so  called  "fish"  vertebrae,  which  occur  when 
diffuse  processes  such  as  osteoporosis  or  osteomalacia  weaken  the  vertebral  body,  allowing  the  inter¬ 
vertebral  disc  to  exert  expansile  pressure  on  the  bone  and  resulting  in  arch-like  identations  on  the  bony 
contour  (ref.  10).  Candidates  with  this  x-ray  finding  are  not  suitable  subjects.  However,  the 
differential  diagnosis  also  includes  individuals  with  a  normal  so-called  "Cupid's  bow"  contour  of  the 
lower  lumbar  vertebrae.  The  inferior  end-plates  of  L3,  L4,  L5  frequently  have  paired  parasagittal 
concavities  on  AP  projection.  On  lateral  x-ray,  these  contours  are  superimposed  posteriorly.  In  one 
x-ray  series  of  200  patients,  63*  had  at  least  one  lower  lumbar  vertebra  with  a  Cupid's  bow  contour  (ref. 
3).  Candidates  with  this  radiographic  finding  are  considered  normal  variants. 

Spondylolysis,  a  pars  interart icul ar i s  defect  which  occurs  with  or  without  spondylolisthesis,  has 
a  strong  hereditary  basis,  can  be  an  asymptomatic  finding,  and  occurs  in  approximately  6*  of  the  white 
U.S.  population.  Since  it  is  considered  to  be  a  fatigue  or  stress  fracture  secondary  to  repetitive 
trauma,  which  may  be  unrecognized  (ref.  4),  we  do  not  accept  applicants  with  this  finding.  The 
congenital  anomalies  of  spina  bifida  occulta  and  bilateral  sacralization  of  the  first  lumbar  vertebra  or 
bilateral  lumbar i zat ion  of  the  first  sacral  vertebra  are  not  considered  to  be  disqualifying  defects.  The 
former  must  be  small  and  there  must  he  no  neurologic  involvement.  Individuals  with  spina  bifida  occulta 
are  generally  asymptomatic  and  only  0.1*  of  those  with  sacralization  complain  of  back  pain.  Usually 
those  who  are  symptomatic  have  unilateral  sacralization  (ref.  6).  Those  individuals  with  unilateral 
sacralization  or  unilateral  lumbar izat ion  are  not  considered  to  be  suitable  candidates  for  ASO.  It  is 
noted  that  the  radiographic  screening  criteria  outlined  by  Thomas  for  NAMRLD  ASD  (ref.  11)  differs  from 
the  criteria  presented  above,  specifically  in  that  NAMRLD  candidates  with  transitional  vertebrae  are 
excluded  and  those  with  Schmorl's  nodes  are  not  excluded  from  participation. 

SUBJECT  ATTRITION  AND  MORBIDITY 


During  the  past  three  years,  no  panel  member  has  had  to  discontinue  participation  due  to  a  deficiency 
in  the  medical  screening  evaluation  procedure.  During  this  time  frame,  qualified  subjects  leaving  the 
panel  either  voluntarily  withdrew  for  personal  reasons,  left  military  service,  or  changed  permanent  duty 
stations.  However,  14  of  the  49  members  departing  were  disqualified  from  further  participation  for  a 
variety  of  reasons  (Table  5)  by  the  Impact  Panel  Physician.  Four  subjects  reported  post-impact  back  pain 
which  exceeded  their  expectations.  Termination  spine  x-rays  were  not  revealing  and  symptoms  were 
attributed  to  mild/moderate  paravertebral  muscle  strains.  Another  subject  had  onset  of  back  pain 
following  unrelated  strenuous  physical  activity.  He  was  eventually  diagnosed  by  the  neurosurgical 
consultant  as  having  an  intervertebral  disc  herniation  which,  by  history,  was  believed  to  be  unrelated  to 
his  participation  as  a  panel  member.  This  suuject  was  eliminated  from  further  participation.  Other 
subjects  were  eliminated  after  discovery  of  hypertension,  inguinal  hernia,  and  pre-existent  benign 
nematuria.  The  history  of  hematuria  was  not  noted  during  the  initial  medical  evaluation.  More  unusual 
circumstances  led  to  the  disqualification  of  other  subjects:  one  had  recurrent  nightmares  on  evenings 
prior  to  scheduled  impacts,  another  experienced  recurrent  episodes  of  vaso-vagal  syncope  several  times 
during  the  pretest  countdown,  and  a  third  demonstrated  a  clearly  anomalous  ("rag-doll")  response  to 
impact.  Another  subject  was  eliminated  due  to  lack  of  participation. 


Reason  for  Leaviry  Panel 

Number  of  Sub 

Permanent  Change  of  Duty  Station 

21 

Left  Military  Service 

7 

Voluntari 1y  Withdrew 

7 

Disqualified  by  Panel  Physician 

14 

Back  Pain 

(4) 

Herniated  L4-L5  Disc  (unrelated) 

(1) 

Hypertension 

(1) 

Inguinal  Hernia 

(1) 

Benign  Hematuria  (pre-existent) 

(1) 

Nightmares 

(1) 

Vaso-vagal  Syncope 

(1) 

Anomalous  Response  to  Impact 

(1) 

Lack  of  Participation 

(1) 

Abdominal  Pain  (submarining) 

(1) 

Ligamentous  Knee  Injury  (related) 

(1) 

Total 

W 

Table  5.  Reasons  for  Members  Leaving  Impact  Panel  (1  Jan  77  -  31  Dec  79) 

Subject  morbidity  from  1  Jan  77  to  31  Dec  79  has  been  limited,  for  the  most  part,  to  anticipated 
minor  abrasions,  contusions,  and  paravertebral  muscle  strains.  However,  due  to  harness  lap  belt 
pressure,  one  subject  experienced  a  superficial  lateral  femoral  cutaneous  nerve  palsy  and  another, 
presumably  due  to  upper  extremity  venous  congestion  as  a  result  of  shoulder  harness  pretension, 
experienced  a  mild  paresthesia  in  the  ulnar  distribution.  During  a  -Gx  impact,  a  third  subject 
"submarined"  under  the  lap  belt  and,  as  a  result,  experienced  significant  abdominal  pain  post-impact.  He 
required  hospitalization  and  a  liver-spleen  scan  to  rule  out  splenic  rupture.  Surgical  exploration  was 
not  required,  but  the  subject  was  eliminated  from  further  participation.  The  most  serious  adverse  effect 
occurred  during  an  8G  lateral  or  sideward  impact  in  which  the  subject  incurred  an  anterior  cruciate 
ligament  injury  of  the  right  knee  requiring  surgical  correction.  Factors  contributing  to  this  injury 
included  the  subject's  extraordinary  anthropometry  and  bracing  mode  (ref.  5). 


APPLICABILITY  OF  SCREENING  TECHNIQUES  TO  UPT  CANDIDATE  POPULATION 


Fifty-three  percent  (53%)  of  all  ASO  applicants  processed  between  1  Jan  77  and  31  Dec  79  were  found 
not  to  be  suitable  candidates,  as  summarized  in  Table  6.  The  majority  of  those  disqualified  were  on  the 
basis  of  the  medical  evaluation  and  the  majority  of  that  subgroup  were  eliminated  on  the  basis  of 
radiographic  findings.  This  high  rate  of  positive  radiographic  findings  is  particularly  startling  in 
view  of  the  fact  that  all  candidates  medically  evaluated  were  “pre-screened"  by  virtue  of  having  (1) 
satisfactorily  completed  an  enlistment  or  commissioning  physical  and  (2)  provided  a  negative  history  of 
neck  or  back  trauma  to  the  Panel  Physician  during  the  screening  interview. 

Reason  for  Disqualific at  ion 


Physician  Screening 
Voluntary  Withdrawal 
Medical  Evaluation 

Radiographic  Findings 
Other 

Total  Disqualified 

Table  6.  Reasons  for  Candidate  Disqualification  and 
Percent  of  Applicant  Pool  Eliminated  for 
Each  Reason  (1  Jan  77  -  31  Dec  79) 

In  order  to  assess  the  applicability  of  these  techniques  to  the  screening  of  aircrewmembers,  the 
comparability  of  candidate  populations  for  Undergraduate  Pilot  Training  (UPT),  e.g.,  and  ASD  must  be 
established.  There  are  several  reasons  for  asserting  that  these  two  groups  are  comparable.  First,  both 
groups  are  essentially  subsets  of  the  active  duty  Air  Force  population,  though  many  UPT  candidates  are 
technically  derived  from  the  cadet  ranks  of  ROTC  and  OTS.  Second,  the  appeal  for  adventure,  to  some 
extent,  attracts  the  same  type  of  individual  to  both  volunteer  groups.  Finally,  some  Acceleration  Stress 
Panel  members  have  completed  UPT  and  are  on  active  flying  status  and  others  are  accepted  into  UPT  during 
their  tenure  as  panel  members.  However,  some  individuals  who  do  not  qualify  as  panel  members  meet  the 
physical  standards  for  UPT  and  others  who  do  qualify  as  panel  members  do  not  meet  the  standards  for  UPT. 
This  circumstance  may  be  explained  by  examining  UPT  candidate  disqualification  statistics. 

Data  provided  by  the  Physical  Standards  Office  of  Air  Training  Command  (ATC/SGPS)  at  Randolph  Air 
Force  Base  indicates  that  approximately  6*  of  the  more  than  7400  candidates  for  undergraduate  pilot  or 
navigator  training  in  1979  were  disqualified  for  medical  reasons.  The  specific  reasons  for  elimination 
of  UPT  candidates  for  1979  are  summarized  in  Table  7.  Of  those  eliminated,  a  relatively  high  percentage 
was  on  the  basis  of  visual  defects.  Since  the  only  x-ray  required  during  UPT  candidate  screening  is  a 
chest  x-ray,  very  few  candidates  are  eliminated  on  the  basis  of  radiographic  findings.  Thus,  the 
stringent  UPT  visual  acuity  standard  and  the  absence  of  a  UPT  spinal  x-ray  requirement  potentially 
permits  UPT  qualification  of  an  individual  who  has  been  eliminated  from  consideration  for  ASD.  On  the 
other  hand,  the  stringent  AFAMRL  spinal  radiographic  screening  criteria  and  the  lenient  AFAMRL  visual 
acuity  requirement  (up  to  20/200  uncorrected)  potentially  permits  qualification  for  ASD  of  an  individual 
who  has  been  disqualified  for  UPT. 


Defect  Causing  Disqualification 

Percent  of  All  UPT 

Applicants  Eliminated 

Visual 

43* 

Allergic  Rhinitis 

16* 

Height  Requirement 

12* 

Aud i tory 

7* 

Orthopedic 

4* 

Gastrointestinal 

3* 

Circulatory 

2* 

Dermatologic 

2* 

Hypertension 

2* 

Neurologic 

1* 

Other 

B* 

Table  7.  Distributrion  of  Defects 

Causing  UPT  Candidate 

Disqualification  (1979) 


Since  only  2%  of  the  ASD  candidates  screened  at  AFAMRL  from  1  Jan  77  to  31  Dec  79  were  disqualified 
on  a  non-radiographic  basis  during  the  medical  evaluation  (Table  6),  addition  of  PFT's,  EEG,  and  exercise 
stress  testing  should  not  be  expected  to  greatly  increase  attrition  when  added  to  the  medical  screening 
of  a  flying  population.  However,  the  benefit  of  the  additional  eliminations  from  such  screening  may  be 
questionable,  particularly  in  view  of  cost  and  yield.  On  the  other  hand,  individuals  with  no  history  of 
a  seizure  disorder,  e.g.,  may  be  found  to  have  latent  seizure  activity  on  EEG.  Elimination  of  such 
individuals  prior  to  UPT  is  desirable.  Two  panel  candidates  were  recently  disqualified  on  the  basis  of 
this  finding  and,  in  fact,  also  were  eliminated  from  UPT  cons iderat ion  for  the  same  reason.  The  exercise 
stress  test  is  somewhat  indicative  of  conditioning  and,  as  such,  it  may  have  a  negative  correlation  with 
sustained  G  tolerance,  since  conditioned  runners  have  relatively  poor  sustained  G  tolerance. 

Conversely,  radiographic  screening  of  a  flying  population,  utilizing  the  AFAMRL  criteria,  would  be 
expected  to  greatly  increase  attrition,  if  the  ASD  applicant  population  is  somewhat  similar  to  the  flying 
group.  Less  stringent  radiographic  criteria  could  be  proposed  which  would  moderate  the  expected 
attrition  rate.  If,  however,  the  radiographic  findings  compiled  above  indicate  some  predisposition  to 
spinal  injury  under  impact  loading,  then  we  are  left  with  the  surprising  conclusion  that  unscreened 


Percent  of  Total 
Applicant  PooX 

6% 

14* 

33* 

(31*) 


flyers  may  have  a  relatively  high  potential  for  spinal  injury  in  an  eje.tion  situation.  In  addition  to 
the  H)-going  eff  ^ts  to  i-iiprove  escape  systems,  it  may  be  beneficial  to  pre-screen  candidates  for 
'.ler- .it  cin.i !  flyi'ig  ejet  t  ion  seat -e  ^  j  lope.j  aircraft  using  the  three  lali'ral  spine  films. 

Medical  screening  for  high  stress  flying  must  evaluate  character i s t  ics  much  more  complex  than  impact 
tolerance,  '..ist  ained  G  tolerance,  d i sor ient at  ion  tolerance,  heat  stress  tolerance,  and  capacity  for  high 
task  loading  are  all  relevant.  There  remains  no  simple  medical  screen  to  assess  all  of  these  functions. 
In  fact,  some  are  contradictory.  The  exercise  stress  test,  for  example,  may  indicate  good  conditioning 
and  motivation  which  are  helpful,  but  may  also  correlate  with  poor  sustained  G  tolerance.  It  would 
ippear  that  any  adequate  si reen  to  select  a  subset  of  "super-flyers"  for  high  stress  flying  would  involve 
“valjation  iif  actual  flymg  performance  in  a  realistic  task,  as  on  a  centrifuge. 

'.■IMMARY  AND  rONCLlfSIONS 

ent  AFAMRL  experierue  with  application  of  stringent  medical  screening  techniques  to  a  USAF  active 
lity  population  has  been  presented.  The  following  conclusions  are  p«ovided. 

1.  Thirty-one  percent  of  all  applicants  for  Acceleration  Stress  Duty  at  AFAMRL  from  1  Jan  77  to  31 
Dec  79  were  disqualified  on  the  basis  of  positive  rad iog»‘aph Ic  findings. 

C'.  The  majority  of  these  individuals  could  have  been  adequately  rad iograph ical ly  screened  by  three 
lateral  spine  x-rays  (cervical,  thoracic,  lumbosacral). 

3.  Since  Schmorl's  nodes,  spondylolysis,  and  other  similar  radiographic  findings  are  believed  to  be 
trauia-related,  they  may  be  indicative  of  a  pred'sposition  to  spinal  injury  and  are,  therefore, 

'.onsidered  to  lisqual  ifyinq  for  Acceleration  Strc  s  Duty. 

4.  Subject  pecf  )i  nance  improvenent  due  to  AF/V1RL  t:andi<1ate  screening  is  inJeterminant,  since 
uns^ reened  controls  were  not  exposed  to  impact  accelerations. 

5.  Application  of  stringent  spinal  radiographic  screening  criteria  to  the  UPT  candidate  population 
may  result  in  an  unacceptably  high  rate  of  UPT  candidate  disqualification. 

6.  Although  we  have  historically  designed  high-performance  aircraft  escape  systems  to  prevent  spinal 

injury,  we  may  not  he  adequately  screening  some  aircrewinembers  for  radiographic  abnormalities  which  may 

predispose  them  to  injury  during  escape.  Conceivably,  aircrew  candidates  for  training  in 

high-performance  aircraft  may  be  screened  with  three  lateral  spine  x-rays. 

7.  F(K  higti-speed,  low-level  flight  with  high  task  loading  and  air-combat  maneuvering,  additional 
screening  procedures  are  conceivable,  particularly  if  centrifuge  testing  with  imposed  task  loading  is 
cons  idered . 
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DISCUSSION 


DR  J  K  U'HINNt.RY  (L’S) 

1.  U'liat  is  the  purpose  of  the  single  pregnancy  test  for  the  female  ASD  candidate? 

2.  Is  the  single  pre-screen  pregnancy  test  all  that  your  Human  Use  Committee  requires  in 
addition  to  Chose  requirements  for  males? 

3.  How  do  you  assure  a  continual  state  of  non-pregnancy  in  your  long-term  female  ASD  subjects? 
AUTHOR 

1.  The  purpose  of  the  single  pregnancy  tests  for  female  ASD  candidates  is  to  document  a  state 
of  non-pregnancy  at  a  single  point  in  time  during  the  medical  evaluation. 

2.  We  also  require,  as  part  of  our  initial  medical  screening,  that  all  female  ASD  candidates 
undergo  a  pelvic  examination  by  a  gynecologist  to  rule  out  gynecologic  contra-indications  to 
participation.  Such  contra-indications  would  include,  for  example,  large  ovarian  cysts  or  other 
pelvic  masses. 

3.  Prior  to  their  participation  as  human  volunteer  subjects,  all  females  are  counseled  as  to 
the  inadvisability  of  becoming  pregnant  during  their  tenure  as  ASD  subjects..  Appropriate 
contraception  counseling  is  provided  as  required.  All  female  ASD  subjects  are  instructed  to 
inform  the  Impact  Panel  Physician  immediately  of  menstrual  irregularities. 

DR  F  1.  JACKSON  (US) 

1.  UTiat  measuring  criteria  do  you  use  in  rejecting  candidates  based  on  "excessive  lordosis"? 

2.  Do  you  use  supine  radiographs  for  your  measurements?  If  so,  would  not  radiographs  taken 
in  the  functional,  seated  position  give  a  more  accurate  assessment  of  the-  relation  between 
position  and  stress  tolerance? 

AUTHOR 

1.  We  have  established  no  firm  criteria  for  disqualifying  ASD  applicants  on  the  basis  of  excessive 
lordosis.  Decisions  to  eliminate  applicants  on  this  basis  are  made  in  consultation  with  a 
radiologist  and  are  individualised  for  each  applicant.  This  criteria  was  established  following 

an  impact  acceleration  test  in  which  a  subject  with  an  excessive  lumbar  lordosis  incurred  a 
coccygeal  f racture . 

2.  Supine  lateral  lumbosacral  radiographs  are  used  to  assess  lumbar  lordosis.  We  recognise 
that  several  other  x-ray  views  would  be  helpful  in  candidate  screening.  However,  we  have  agreed 
to  limit  the  candidate  screening  x-rays  to  the  fourteen  films  described  above  and  recognise  that 
we  cannot  optimally  screen  for  all  disqualifying  radiographic  defects. 

DR  C  E  SIMPSON  (UK) 

1.  Can  you  confirm  chat  31^  of  all  applicants  were  eliminated  on  the  basis  of  disqualifying 
rad io graphic  f ind ings? 

2.  The  criteria  you  quote  are  governed  by  Human  User  Requirements  at  AMRL.  Can  we  assume  that 
a  similar  screening  procedure,  employed  for  aircrew,  would  result  in  a  considerably  lower 
disqualification  rate? 

AUTHOR 

1.  We  indeed  eliminated  111  of  all  candidates  on  the  basis  of  disqualifying  radiographic  defects 
of  ihe  vertebral  column.  Since  i  January  1980,  we  have  eliminated  well  over  50^  of  the  applicants 
on  the  basis  of  these  defects.  In  this  regard,  it  is  important  to  note,  for  example,  that  recent 
articles  have  indicated  the  incidence  of  Schmorl's  nodes  may  be  as  high  as  76%  in  the  general 
popvjlation  (ref.  7). 

2.  However,  due  to  the  nature  of  the  programne  for  which  we  are  screening,  our  criteria  are 
necessarily  stringent.  The  number  of  individuals  eliminated  by  spinal  screening  x-rays  i®"  a 
function  c’f  the  •  riteria  established  for  disqualification.  Less  stringent  criteria  may  moderate 
the  attrition  rate.  Such  a  more  liberal  approach  would  be  reasonable  when  screening  a  flying 
population  for  duty  in  high  performance  aircraft.  We  do  not  propose  which  specific  radiographic 
criteria  be  applied  to  screen  a  flying  population  on  the  basis  of  the  data  presented  herein. 
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by  one  with  lens  exjierience  and  abilit:y.  '<J}iat  ai-o  th.:  i::;plioa' iot.r,  for  t  he'  &an  tiianelf V 
He  eece  hie  return  to  flying  otafcun  an  tho  conf ii'nation  of  hi;;  recove-ry  from  t}ir-  incult 
of  illneoG  or  injury  and  proof  of  hi;;  red,urri  to  liealt};.  It  repro:;ont.';  a  return  to  hi:; 
chosen  career  and  way  of  life.  It,  moans  t!io  revival  of  iiis  career  prospcct.s  njid  financia: 
s.ecuz'ity  from  the  point  of  view  of  saf oguardini':  his  flying  nay  which  in  .Tiany  cases  i.s  a 
significant  proportion  of  his  total  remuneration.  He  is  therefore  very  strongly  moti¬ 
vated  towards  a  return  to  flying  and  ivill  therefore  tend  t.o  minimise  .symptoms  and  disa- 
bilieies.  this  may  induce  the  medical  authorities  to  return  him  too  early  to  flying 
stresses  with  a  resulting  disappointing  breakdown.  '.Ve  must  also  remember  that  stamina, 
ciorale  and  confidence  may  have  been  sapped  by  his  illness  or  injury  -  particularly  v/hon 
associated  with  a  flying  accident. 

a'. at-  about  the  medical  authorities?  We  expect  our  clinicians  to  be  competent, 
ca'inr  av.d  conscientious.  There  is  a  tendency,  ho’wever,  for  them  to  be  enthusiastic, 

;  ■  z't.a;  '’veu  sometimes  over  enthusiastic  over  nev/  methods  of  treatment  and  nev;  driugs. 

say  ‘herofore  be  carried  along  with  the  patients  'wish  to  resame  flying,  particularly 
If  ■  y  are  'naware  of  tho  actual  operational  stresses  and  skills  resuired.  Thei’e  must 

rr-g  ional  assessment  as  to  whether  the  patient  is  fully  recovered,  physically, 

:y  ally  and  psycliologically.  If  there  is  any  residual  disability,  sensory  or  motor  or 
i.y:.  i‘  must  be  determined  if  he  can  still  do  his  job  and  has  ho  any  reserve  left.  If  he 
a  cor.Jition  where  illness  or  incapacity  could  occur  in  the  air,  tho  risk  to  flight 
.  rat  ty  ::,usi  be  assessed.  The  clinician  often  lacks  knowledge  of  W'hat  the  operational 
■  a.n;  recuirer.  and  'what  the  consequences  of  aircrew  incapacitation  might  bo.  The  Flight 

•  urge of.  is  best  placed  to  give  this  advice  both  from  his  knov/ledge  of  the  aircraft,  the 
role,  the  task  and  the  training  of  the  crew  and  his  own  opinion  of  tho  nan's  ability  and 
P'.'rsonal  qualities.  He  is  also  v/ell  placed  to  obtain  the  advice  of  the  executive  on 

*  ;.eir  assessment  of  the  man  as  an  operator  and  his  ability  to  cope  'with  the  task  and 
omerrenoy  situations  with  a  disability.  The  Flight  Surgeon  is  the  broker  Tin  ins'urance 
‘eras.;  between  tho  clinicisui  and  line  management.  '«/hore  anxiety  may  be  a  problem  tho 
I'light  Surgeon  will  need  to  interview  the  wife  to  gain  information  on  attitudes,  on 
oehavioijr  in  the  domestic  scene,  changes  in  sleeping  and  eating,  drinking  and  smoking 
habits  which  is  relevant  to  the  assessment  of  the  patients  recovery  or  a  decision  that 
he  be  withdrav.T.  from  flying  status. 

IiaUBILITATTOK 


At  this  point  I  would  like  to  stress  the  importance  of  an  active  programme  of  con¬ 
valescence  ^d  rehabilitation.  We  in  the  Royal  Air  Force  have  developed  in  'WW  II 
rehabilitation  units  where,  following  hospitalisation  servicemen  can  receive  a  graduated 
programme  of  physical  training  and  occupational  therapy.  This  is  intense  but  carefully 
regulated  to  the  man's  capabilities  and  stage  of  recovery.  It  concentrates  on  improving 
physical  and  mental  fitness,  povier  and  co-ordination  in  a  stimulating  and  competitive 
atmosphere.  There  is  no  doubt  that  this  approach  has  been  successful  in  returning  indivi¬ 
duals  to  a  flying  career  and  even  where  return  is  not  possible,  has  considerably  alleviated 
the  bitterness  of  failiure. 

AaSESfiMEUT  OF  FITIIE3S  FOR  RETURN  TO  FLYIHG 

The  critical  time  comes  when  return  to  flying  status  has  to  be  considered.  As  I 
have  explained  it  is  essential  to  obtain  a  total  picture  of  the  man  and  his  problem. 

Only  with  this  is  it  possible  to  recommend  a  suitable  method  of  return  to  flying  status 
'Which  is  in  the  best  interest  of  the  man  and  tho  Service. 

Often  the  issues  are  relatively  clear  cut  or  appear  to  be.  To  give  an  example  of 
actual  cases  I  will  first  quote  that  of  a  young  air  electronics  operator  who  unfortunately 
developed  a  chondro  sarcoma  of  the  R  heel  towards  the  end  of  his  training,  ile  underwent 
a  below  knee  amputation.  He  started  physiotherapy  early  on  in  the  healing  of  the  stump 
and  made  rapid  strides  (literally  and  metaphorically)  once  his  prosthesis  was  fitted.  The 
problem  then  was  whether  to  allow  him  to  complete  his  aircrew  training. 

The  task  of  an  AiOOp  in  the  maritime  role  is  sedentary  in  the  'dry'  (radio/radatr)  duties 
and  involves  some  standing  in  'wet'  or  sonic  duties.  This  was  obviously  within  his  capa¬ 
city.  It  v;as  possible  to  quote  other  examples  of  amputees  AEOps  in  the  maritime  force  and 
other  aircraft  who  had  given  useful  and  successful  service  without  undue  constraints  or 
limitations.  In  the  Kimrod  problems  of  ejection  or  bailing  out  do  not  arise.  In  other 
aircraft  v/here  the  patient  could  be  employed  as  an  AliOp  the  possession  of  an  artificial 
leg  could  conceivably  hinder  ability  to  bale  out  and  affect  parachute  landing.  On 
balance,  ho'wever,  the  risk  was  considered  acceptable  to  the  Service  if  acceptable  to  the 
individual.  There  remained  the  ultimate  prognosis  and  its  implications.  From  the  flight 
safety  point  of  view  illness  or  incapacity  of  tho  AEOp  would  represent  no  hazard.  However, 
if  further  problems,  ie  secondary  lesions  did  occur  he  would  become  permanently  unfit  for 
further  aircrew  duty  (to  say  tho  lea;;!  and  there  would  be  a  financial  loss  an  far  as  his 
training  costs.  On  the  other  hand  his  executive  reports  were  fine  and  he  had  already 
showed  excellent  motivation  and  aptitude.  Clinical  opinion  was  that  recurrence  risk  was  now 
lov/  and  he  wa.s  therefore  given  tho  benefit  of  any  doubt  and  returned  to  complete  AEOp 
training  and  is  now  operational.  You  will  see  that  in  the  management  of  such  cases  the 
flight  surgeon  represents  the  essential  link  between  the  executive  and  the  clinician  and 
can  advise  an  acceptable  .solution.  Home  conditions  are  more  common  and  often  a  routine 
scheme  of  management  has  evolved.  ;.et  us  take  ejection  injuries  to  the  spine.  These 
commonly  take  the  form  of  ratable,  tmcomplicated  wedge  fractures  of  vertebral  bodies  - 
usually  in  the  dcisjal  region.  Often  they,  if  miner,  are  relatively  painless  and  sometimes 


have  been  missed  on  initial  clinical  examination.  Indeed  the  Israeli  Air  I’orc"  in  • 

Yom  Kippnr  War  had  some  pilots  who  after  ejection  went  back  into  battle  almos'  i:mr.i-d i.a‘ ■ 
but  who  were  subsequently  found  to  have  such  lesions.  It  is  important  lliat  Ihfse  are 
diagnosed  and  treated  -  even  if  discomfort  is  minimal  -  to  fly  with  such  asi  un-'iealf  d 
fracture  is  to  rui  the  risk  of  further  damage  and  even  neurological  complication  if 
high  'VO  g  forces  are  applied  in  combat  training  or  God  forbid  a  second  ejection.  il;us 
we  require  all  our  aircrew  after  ejection  to  undergo  early  referral  for  orti'.opaedic 
opinion  and  careful  radiological  examination.  If  compression  fractures  are  present  the 
pation*  is  admitted  to  hospital  for  a  minimum  of  3  weeks.  Once  pain-free,  (’graduated 
physiotl'.erapy  is  commenced  -  particularly  spinal  extension  exercises.  If  at  the  end  of 
this  time  the  patient  is  pain-free,  has  good  muscle  power  and  has  regained  full  spinal 
extension  he  is  allowed  to  return  to  non-flying  duties.  Three  months  after  injury  if  at 
review  he  is  still  pain-free  and  has  full  ranges  of  spinal  movement  he  is  allov/ed  to 
return  to  full  flying  duties,  including  the  risk  of  fiirther  ejection.  The  long  torn 
proRonis  is  good  and  subsequent  backache  infrequent. 

PROBLEM  AREAS 


My  concern,  and  the  reason  I  suspect  for  tViis  meeting,  is  that  others  share  it,  is 
that  even  with  such  a  system  as  I  have  described,  and  even  with  supposedly  clcar-cut 
conditions  such  as  ejection  spinal  injury  there  are  many  problem  areas  v;hich  exist  v;hen 
deciding  when  and  how  to  return  aircrevj  to  flying  duty. 

These  may  be  summarised  as  follov;s: 

(a)  'Where  the  degree  of  injury  or  disability  is  difficult  to  assess. 

(b)  'Where  the  risks  of  returning  to  flying  duty  are  difficult  to  define. 

fc)  'Where  a  symptom-free  patient  has  an  unsuspected  or  dormant  clinical 
condition. 

(d^  'Where  new  treatments  and  advances  in  medicine  or  surgery  are  changing 
management . 

(e)  Where  prognosis  is  difficult  or  unknown. 

(f)  'W}iere  treatment  by  medication  has  to  be  life  long. 

(g;  When  indications  to  start  such  treatment  are  not  clearly  defined. 

(h)  'When  illness,  eg  low  back  pain  results  from  ergonomics  and  poor  design. 

(i)  'When  deep  rooted  anxieties  remain. 

WilERE  DEGREE  OF  INJURY  OR  DISABILITY  IS  DIFFICULT  TO  ASSESS 

Let  us  go  back  to  the  problem  of  ejection  spinal  inj'ury.  Radiologists  and 
orthopaedic  surgeons  may  sometimes  have  difficulty  in  confirming  a  minor  ejection 
fracture.  They  have  proposed  -  and  indeed  some  Air  Forces  take  spinal  X-Rays  of  aircrew 

prior  to  flying  training  -  these  can  then  be  compared  with  those  taken  after  ejection. 

It  also  may  show-up  spinal  abnormalities,  eg  a  vertabral  body  haemangioma  which  might 
collapse  under  high  g  and/or  ejection,  congenital  lesions,  eg  spondylolisthesis/spina 
bifida  which  might  go  unnoticed  until  later  on  after  expensive  training. 

'We  in  the  Royal  Air  Force  have  not  carried  out  such  a  prospective  screening  exami¬ 
nation  which  would  be  costly,  and  would  increase  the  rejection  rate  still  higher.  It  is 
interesting  that  our  ejection  injury  rate  is  no  higher  than  in  those  air  forces  who  do 
such  screening.  Furthermore  the  radiation  dose  is  relatively  high.  To  introduce  a 
screening  programme  retrospectively  would  produce  problems  of  making  fit  aircrew  unfit 
and  generate  in  aircrew  suspicion  and  antagonism  towards  the  medical  branch.  Thus  we 
are  left  with  the  problem  of  difficulty  in  assessing  presence  of  minor  ejection  damage 
and  tend  to  err  on  the  side  of  safety. 

L'ew  treatments  and  recent  advances  in  medicine  and  surgery  also  pose  problems. 
I’rognosis  may  be  difficult  or  unknown  -  where  treatment  may  have  to  be  lifelong  and  we 
cannot  predict  long  term  effects  in  some  cases,  the  side  effects  may  not  be  recognised 
for  a  while.  If  treatment  means  limitation  of  flying  -  when  should  we  start,  particularly 
if  some  decrement  in  performance  is  possible?  Do  we  emphasise  the  short  or  long  term 
implications  of  treating  or  not  treating?  I  would  like  to  discuss  three  conditions  - 
hypertension,  peptic  ulcer  and  manic  depressive  psychosis  where  new  advances  and  treatment 
have  revolutionised  management. 

im'ERTEIlGIOtl 


Thirty  years  ago  the  only  treatment  which  could  be  offered  for  essential  hyper¬ 
tension  was  sympathectomy.  Then  in  the  19503  the  hexa-methoniums  introduced  what  is 
today  a  ’  inge  of  effective  drugs  which  can  provide  protection  against  death  and 
disat  »om  heart  failure,  renal  damage,  and  stroke  associated  with  moderate  and 

seve  ,  ,^ertension.  On  the  other  hand  use  of  these  effective  drugs  to  control  hyper- 
ten.'  on  has  not  cut  deaths  from  myocardial  infarction  which  the  Framingham  studies  showed 


l.-l 


f  o  cori'OGpond  with  hy]5ertenGion.('l)  The  clinical  dilomraa  when  faced  with  aircrew  v/ho 
;;.how  aild  hypertension  and  who  feel  fit  and  symptom-free  is  multi-faceted.  There  is 
co’miderable  diverEonce  of  opinion  as  to  when  treatment  should  bepin.  A  Hi  of  14^/1'  is 
co:Ti;nonly  taken  as  tlie  border-'' ine  for  aircrew  -  obviously  a  single  record  is  inadoouate 
ar.d  clinicicns  '  end  to  assess  a  case  on  the  basis  of  a  large  number  of  casua]  records, 
ihese  nay  be  subject  to  effects  of  apprehension  and  often  so-called  resting  levels  are 
called  for.  Yet  what  wo  really  need  as  a  basis  of  evaluation  is  a  continuous,  daily 
recoi'd  -  unfortunately  no  satisfactory  non-invasive  method  of  recording  has  been  devised. 
!s.  experiments  with  invasive  methods  the  blood  pressure  is  shown  to  vary  considerably 
'  io’ouciiout  t  ]ic  day,  with  circadian  cycles  and  marked  responses  to  dynamic  exercise  and 
smoking,  but  .'-.lirprisingly  little  effect  when  exposed  to  the  stress  of  car  driving.  ITj 
■u-  !.avc  yet  to  obtain  such  records  of  pilots  carrying  out  operational  miss.ions,  high  g 
mtr. oeuvres ,  air  corabat ,  air-to-air  refuelling,  low-level  tactical  flying  and  instrument 
flyiiig  i!’.  difficult  and  dangerous  situations. 

Accident  E  caused  by  incapacity  in  the  air  are  surprisingly  few  in  number  compared 
wit  h  ‘  iios.c  associated  witli  human  error.  Lack  of  skill,  experience  and  judgement  are 
usually  the  cause,  lo  ay  mind,  rcseai-ch  on  side  effects  of  drugs  has  been  far  too 
slanted  towards  tolerance  and  response  to  stress  than  on  the  possible  decrement  to  clear 
thi:Lki;ig  and  psychonotor  skills. 

We  iiavc  also  recently  soon  t!iat  treatment  of  mild  hypertension  is  beneficial.  (3) 

At  present  aircrew  v;ith  hypertension  can  only  continue  unrestricted  flying  if  they  can 
bo  controlled  by  thiazides,  rauviolfia  or  spironolactone  -  and  readings  of  170/100  are 
considered  for  loss  of  licence  in  civil  flying.  These  drugs  however  all  can  cause 
central  side  effects  which  could  degrade  performance  -  but  there  is  little  work  on 
effects  of  psychonotor  performance  and  less  evidence.  A  lot  has  been  done  on  response 
to  stress,  but  not  how  well  the  individual  can  do  his  job.  Clinicians  are  keen  to  use 
the  newer  more  powerful  drugs  and  achieve  better  control  and  thus  prolong  an  active 
flying  career,  ilowever,  those  drugs,  too,  have  side  effects  -  some  may  be  mild  and 
cause  some  marginal  mental  and  physical  slowing  down  -  is  this  acceptable?  Again  we 
have  little  relevant  information;  Broadhurst  has  reported  definite  decrements  in 
psychomotor  performauice  lasting  up  to  5  weeks  using  small  doses  of  propanolol.  (4) 

In  many  cases  the  patient  makes  the  decision  and  simply  does  not  comply  with  the  regime. 
Ideally  any  treatment  must  be  symptom-free  and  once  a  day  medication.  It  should  be  shovm 
not  to  degrade  performance  by  sedation  as  well  as  not  reducing  g  tolerance  or  resis¬ 
tance  to  orthostatic  stress  and  should  produce  no  dangerous  long  terra  side  effects.  Wo 
have  heard  the  propanolol  story  and  the  mucocutaneous  syndrome,  reports  on  peripheral 
arterial  disease  and  sclerosing  peritonitis.  Therefore  it  is  with  considerable  interest 
that  I  look  forvfard  to  the  contributions  on  this  subject  tomorrow. 

PEI^IC  ULCER 


There  has  been  an  unexplained  fall  in  the  incidence  of  peptic  ulceration  in  the  past 
20  years  both  in  the  UL  and  UK  and  this  has  been  reflect  in  fewer  aircrew  presenting 
with  a  condition  which  used  to  be  treated  by  a  long  period  of  grount.ing  (12-18  months) 
and  often  by  surgery  -  usually  vagotomy  and  pyloroplasty.  However  introduction  of  first 
deglycyrrhizinised  liquorice  and  later  Cimetidine  has  revolutionised  treatment  in  civil 
practice  and  fiirther  reduced  candidates  for  surgery.  Development  of  sophisticated 
fibrescopcs  and  associated  techniques  has  permitted  more  accurate  control  and  follow-up. 
lievertheless  it  is  becoming  apparent: 

(a)  That  cimetidine  treatment  may  need  to  be  lifelong  and  expensive. 

(h j  That  occasionally  side  effects  occur  -  bradycardia,  thrombocytopenia, 
pustular  psoriasis  and  even  coma  have  been  described. 

•vhat  should  "dc  our'  policy  for  aircrew,  what  are  the  effects  on  psychomotor  skills  and  is 
the  possibility  of  side  effects  an  acceptable  risk  to  flight  safety?  Do  they  require 
roEtricied  employment  with  a  regular  life?  ."’.hould  they  undergo  functional  assessment 
by  si;3ulator  instructors  or  QFIs  or  perhaps  a  computer  analysis  of  a  flight  recording 
of  say  a  standard  IF  task, 
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.'■.lid  degrees  of  this  illness  are  common  in  civil  life  and  individuals  can  witliout 
•  reatment  do  good  work  in  their  hypomanic  phases  and  retire  when  depi'essed.  Aircrew 
caujiot,  hovrever,  regulate  their  own  timetalsle.  A  treatment  which  gave  early  promise  of 
permitting  aircrev;  v;ith  manic  depressive  psychosis  being  able  to  return  to  flying  was 
!  ithium.  liov/evcr,  oui-  experience  has  been  disappointing  -  one  helicopter  crewman 
attempted  suicide  by  taking  all  his  luthium  supply  at  once  and  required  renal  dialysis. 

grounded  his  second  suicide  attempt  was  successful.  Although  Lithium  gives  long 
term  freedom  from  af'aoks  and  relapses  in  civil  practic  wo  don't  know  how  well  they 
r'  lilly  are  on  medica' ion.  I’ersonality  testing  still  gives  a  depressive  response, 

•['■a' meat  has  to  b"  indefinite  ajid  requires  a  high  degree  of  patient  cooperation  and 
'ompliance  in  personalities  which  may  be  far  from  good. 


.hlitCOIDOLI.; 


/in  example  of  a  condition  where  the  risk  of  return  to  flying  duty  are  currently 
difficult,  to  assess  is  tlarcoidosis.  It.  is  also  a  condition  which  frequently  may  be 
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dormant,  discovered  by  chance  and  is  often  symptom-free.  As  you  know  the  aetiology  is 
obscure  and  many  theories  have  been  put  forward.  Until  1978  the  Royal  Air  Force  has 
regarded  Sarcoidosis  as  a  condition  which  ran  a  benign  and  self-limiting  course,  the  so- 
called  sub-acute  form.  The  presentation  was  usually  in  the  form  of  a  transient  erythema 
nodosum  and  a  iiilar  adenopathy  shown  on  chest  X-ray.  This  lasted  a  few  months  and 
resolved  spontaneously  without  treatment.  Only  rarely  was  there  an  acute  presentation 
with  diffuse  pulmonary  infiltration,  ocular  Eind  honey  lesions  and  involvement  of  the 
Cii:.  heart ,  liver  and  spleenic  involvement  and  persistent  skin  lesions  might  occur. 

Trea* ment  involved  all  branches  of  medicine  but  was  symptomatic  and  usually  required 
steroids,  tiuch  cases  formed  a  less  common  group  aind  invariably  after  the  acute  onset 
drifted  into  a  clironic  state.  I'his  I  believe  is  more  chronic  in  the  USA  than  Europe. 

Our  clinical  management  of  sai'coid  in  aircrew  was  to  ground  those  with  the  sub- 
acu‘^0  form  until  activity  had  ceased.  This  was  assessed  on  the  basis  of  X-ray 
apnoarances ,  absence  of  symptoms  and  origins  usually  a  period  of  6  months  was  sufficient, 
['hey  then  returned  to  flying  with  little  restriction  apart  from  annual  chest  X-rays  and 
oxEuiiinat  ion  for  a  f(!W  years.  Cardiac  assessment  was  rarely  carried  out  unless  specific 
symptoms  occurred. 

iiowever  in  1978  a  Vulcan  aircraft  crashed  in  the  USA  and  the  investigation  high¬ 
lighted  a  difference  between  the  RAF  and  USAF  policy  on  Sarcoidosis,  although  there  was 
no  serious  indication  that  the  disease  caused  the  accident.  The  pilot  alone  tried  to 
escape  -  ejecting  too  low  and  too  late  and  he  received  fatal  injuries. 

Autopsy  revealed  that  the  pilot  who  was 

'onder  observation  for  Sarcoidosis  foimd  6/12  before  (discovered  by  routine  chest  X-ray 
to  have  hilar  adenopathy)  had  definite  cardiac  sarcoid.  It  was  then  recalled  tb  t 
three  years  before  an  RAF  F4  Phantom  had  crashed  after  going  out  of  control  in  f  low 
flying  area.  Although  the  navigator  ejected  safely,  the  pilot  made  no  attempt  <  do  so 
and  was  killed.  Autopsy  showed  typical  sarcoid  lesions  in  the  lungs  which  had  i 
unsuspected  (he  was  overdue  chest  X-ray  and  annual  medical; )  The  heart  was  mis'  g. 
Although  the  Board  of  Inquiry  suggested  a  technical  fault  as  the  cause  of  the  c  .  this 
was  by  no  means  conclusive  and  pilot  incapacity  as  an  explanation  could  jt  be  ex  .uded. 

Following  the  1978  accident  we  also  became  aware  of  increased  USAF  and  US  Ai-my 
concern  at  the  aeromedical  risks  of  cardiac  sarcoidosis  and  of  similar  concern  by  JK 
civilian  specialists.  It  was  therefore  decided  to  mount  prospective  and  retrospective 
surveys  of  Sarcoidosis  in  RAF  aircrew.  The  prospective  study  has  been  to  X-ray  all 
aircrew  and  identify  any  unsuspected  cases.  Known  cases  on  the  register  wer  'e-examined 
from  the  cardiac  point  of  view  using  a  non-invasive  protocol  based  on  USAF  Sh.’'  recom¬ 
mendations.  This  includes  gallina  67,  thallium  and  technetium  scans  to  detect  uny  active 
lesions  in  chest  or  heart. 

This  retrospective  survey  has  involved  temporary  grounding  of  some  17  knovsi  oases, 

13  from  Strike  Command.  Satisfactory  cardiac  screening  was  followed  by  medical  boarding. 
In  most  cases  a  return  to  flying  as  or  with  qualified  co-pilot  or  as  unfit  solo 
navigator  permitted  useful  emplcjment,  but  in  one  or  two  cases  -  eg  fast-jet  and  heli¬ 
copter  pilots  this  presented  problems. 

The  final  results  of  this  survey  have  yet  to  bo  published  but  wo  would  welcome  any 
comments  on  the  experience  of  other  nations  of  sarcoid  in  aircrew.  Wo  believe  more 
research  is  required  to  determine  if  .[arcoidosis  is  commoner  in  aircrew  than  in  an 
equivalent  {tround  personnel  population  and  if  so,  why?  Is  the  disease  encouraged  by 
high  oxygen  partial  pressures?  The  management  of  future  oases  will  obviously  require 
cardiac  assessment  and  very  careful  determination  of  any  residual  cariao  activity  before 
a  return  to  flying  status,  •’■omo  indeed  argue  that  sarcoid  is  a  bar  to  flying,  however, 

I  feel  that  a  helicopter  pilot  who  cont’nued  to  fly  for  20  years  after  his  asymptomatic 
condition  v;as  diagnosed  has  perhaps  proved  a  point  and  retain  an  open  mind.  We  must 
determine  if  the  flight  saifety  risk  is  acceptable  hut  we  can  only  do  <:his  if  we  know 
what  the  level  of  rick  is  and  v;hat  is  acceptable  to  the  executive.  I  would  have  liked 
to  have  talked  about  the  problems  of  postural  backache  and  phobic  anxiety,  but  time 
does  not  permit,  ■''jjfico  to  say  that  in  both  these  conditions  the  role  of  the  Flight 
Turgeon  ii.  iirevent  ioii ,  diagnosis  and  management  is  paramount. 

cotiCLUdioii:; 


Gentlemen, 

I  hope  I  have  shown  the  need  for  a  medical  intermediary  between  tlie  specialist 
clinician  suid  the  executive,  and  that  for  aviators  that  doctor  must  understand  the  needs 
of  both,  but  primarily  he  is  there  to  consider  the  man  himself  from  all  aspects  when  it 
comes  to  assessing  his  return  to  flying  status  after  illness  or  injury.  I  hope  I  have 
indicated  where  I  think  we  need  to  develop  new  standards,  new  methods  of  management  and 
to  direct  our  research  into  side  effects  of  drugs  more  towards  their  effects  on  the 
individual's  capability  to  perfoimi  his  job,  rather  than  possible  incapacity.  This  is 
an  area  where  there  may  ho  room  for  more  standardisation  of  practise  among  MATO  Nations 
based  on  a  sound  statistical  basis  and  less  on  independent  clinical  whim. 
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DISCUSSION 


DR  F  L  JACKSON  (US) 

Your  paper  highlights  many  of  the  problems  experienced  by  US  Navg'  Flight  Surgeons.  A  survey  of 
Flight  Surgeons  had  indicated  that  a  minimum  period  of  12  months  was  indicated  before  aircrew  who 
had  ejected  return  to  ejection  seat  flying.  What  criteria  have  been  used  to  allow  a  return  to 
flying  after  3  months? 


AUTHOR 

We  believe  the  fracture  is  healed. 


DR  B  F  HEARON  (US) 

In  regard  to  your  conmients  on  ejection  injuries,  I  concur  that  it  is  often  difficult  to  establish 
a  diagnosis  of  a  vertebral  fracture  post-ejection.  I  have  recently  completed  a  review  of  the 
F/FB-111  accident  ejection  data  and  have  been  concerned  that  some  of  these  injuries  were  retro¬ 
spectively  diagnosed  cn  the  basis  of  spinal  x-rays  taken  years  following  the  ejection.  In  view 
of  the  high  incidence  of  spinal  radiographic  defects  which  I  have  presented,  I  do  not  believe  that 
it  is  valid  to  attribute  non-specific  spinal  radiographic  findings  to  a  specific  remote  trauma, 
such  as  an  ejection.  A  radiologist  colleague  has  recently  recommended  that  vertrbal  fractures 
incurred  during  ejection  be  diagnosed  with  the  aid  of  a  bone  scan  taken  4  to  7  days  post-ejection. 

However,  1  do  not  agree  with  your  statements  regarding  spinal  screening  x-rays  for  aircrew  members. 
I  believe  that  such  spinal  screening  x-rays,  particularly  lateral  spine  films,  are  entirely 
appropriate  in  the  "at-risk"  flying  population.  It  is  very  important,  for  example,  to  eliminate 
as  a  potential  flyer  an  individual  with  Scheurmann*s  disease,  which  involves  end-plate  defects 
at  multiple  vertebral  levels.  Such  an  individual  was  recently  identified  by  our  own  screening 
procedure  and  he  was  eliminated  from  consideration  for  Impact  Acceleration  Stress  Duty. 

AUTHOR 


The  debate  may  well  be  whether  the  cost  of  screening  is  justified  by  the  return  you  get  from  it. 
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SUftlARY 

The  eye's  ability  to  adjust  from  a  I'er/  briqht  li<}ht  to  a  ’/ery  dim  lii^ht  environment  is  knv/i.  -is 


^iark  adat 

station,  Tht'  lack  of  this  <abilitY  nay  be 

i  <x>n<|erutal  deficit  or  the  aijility  rmy  b*.:  st'verel 

alteretl  t 

ly  a  disease  {e.g.,  rf?tinitis  pnfmentnsa) . 

At'tivi^  duty  soldiers  rray  be  not  aware  of  Uirir 

inability  to  "see"  at  night.  These  soldiers  may  be  in  conmaivl  of  cxvr^inies  or  in  niqtit 

maneuvers.  Unintentionally,  those  persons  n»y  jooiKudize  tik-  lives  nf  otiiei  mil  viapy  jjersonnt>l  anci 
allies,  aiki  destroy  ec^pment,  Ttie  mcKimtude  of  this  dark  ailaptation  pp>bleJTi  in  Uie  military, 
siiecifically  with  the  active  duty  fighting  soldier,  has  nr>t  be«y.  fully  dtx?unDnted,  Pn*sentJy,  ciark 
adaptcreters  are  oorrplex  optical  devices.  They  can  not  lx‘  easily  relocate.!  ami  are  not  accessii.le  fur 
screening  military  personnel  in  the  field.  For  tins  rcast»n,  a  new  type  of  dark  adaptontjter  has  lieen 
developed  at  betterman  Army'  Institute  of  Research  (LAIR)  which  is  a  pieroe  of  apf«ratus  oonsideraldy  less 
oorplicated  than  other  dark  acJaptometers.  Interlace  witdi  a  Uiw-Of)st  micrxxinputer  system  allows  clinical 
flexibility  for  routine  military  screening  and  researcdi  ilexibility  fu:  investigators  stixlyinq  the  role 
of  dark  adaptation  in  military  tasks.  The  -data  prest?ntoc!  validate  fdie  'ise  of  this  device  for  such 
appl ications. 


IlfTRODUCnON 

Many  of  the  current  field  exercises  conducted  within  the  Arm^'  Lnrol\»e  extcnsiic-  night  nwjeuvers.  Such 
.^>ffirclses  place  large  nunibe2>  of  personnel  and  millions  of  doll.irs  r-f  sof^histicateii  weaponry  into  a 
scenario.  No  accurate  measurements  have  been  made  assessin*;  the  ability  <'1  these  trcx)j>5  to  adapt  to 
lew-level  light  or  perform  in  night  operations. 

Recoenrendations  have  been  nade  for  the  development  and  wide-spread  use  of  a  device  to  screen  recruits 
and  active  duty  military  personnel  for  dark  adaptation.  It  is  estimated  that  jx»rha{>s  as  nany  as 
15  percent  of  the  "normal"  population  has  some  difficulty'  in  altering  light,  sensitivity  in  dirkness.  If 
the  military  has  within  its  ranks  a  similar  percentage  of  adaptation  problems,  there  nay  be  a  platoon 
sergeant,  conpony  oormander,  tank  oonraivler,  or  others  in  a  night  exercise  with  miniioim  ability  to  adapt 
to  the  lew-level  light  environment.  Unintentionally,  this  individual  may  3eopardize  the  lives  of 
other  military  and  destroy  friendly  lives  and  equipment  because  either  the  individial  cannot  adapt  or  has 
not  realized  that  adaptation  is  a  problem. 

The  subiective  phenomenon  of  dark  adaptation  is  familiar  to  us  as  the  initial  inability  to  "see"  when 
entering  a  riark  room  from  a  bright-light  environinent.  The  longer  we  stay  in  the  darkness  the  better  we 
can  see.  The  sensitivity  of  the  fully  dark-adapi-«i  human  eye  is  unsurpassed  by  even  the  most  sensitive 
physical  detection  systeiis.  The  functional  relationship  that  descrioes  tiiis  increase  in  sensitivity  with 
reduction  in  ambient  light  levels  is  known  as  dark  adaptation.  Our  purpose  in  this  paper  is  to  show  hew 
tlie  military  can  improve  the  rnoasurement  of  dark  adaptation  in  its  personnel. 

The  quantitative  measur^^nent  of  this  process  has  traditionally  been  a  corrpiex  problem.  The  technique 
involves  various  light  sources,  filters,  optics,  and  graji^c  dita  reduction.  A  two-step  procedure  is 
always  involved.  The  visual  system  must  be  brought  to  a  s-andard  level  of  light  actoptation  and  then, 
subsequently,  the  tenporal  course  of  visual  threshold  in  the  dark-adapting  eye  can  then  be  measured  over 
a  subsequent  20  to  30  minutes  of  darkness.  The  ty^jical  function  measured  in  this  nanner  for  a  large 
retinal  area  with  an  unfilterad  white  iK^ht  test  source  passes  throufjh  an  initial  plateau  at  about  five 
minutes  ("rod-oone  break")  before  achieving  a  final  plateau  20  to  30  minutes  after  the  termination  of 
lic^t  adaiitation.  The  initial  portion  of  dark  adaptation  measured  in  this  iwiner  is  attributed  to  the 
dorninaTice  of  cone  function  over  rod  function  during  the  early  minutes  of  dark  adaptation.  (The  cone 
system  is  the  hiiran  photoreceptor  systen  that  mediates  color  vision  and  visual  acuity.  The  human  rod 
pfororeceptor  system  mediates  absolute  visial  sensitivity.)  The  final  dark-adapted  threshold,  occurring 
20  to  30  minutes  after  light  adaptation,  reflects  the  dominance  of  rod  vision  and  the  ability  of  the  rods 
to  detect.  miniiTBl  light  levels. 

While  oonventionai  clinical  dark  aiiaptoretry  has  traditiorwily  erqdoyed  a  white  light  test  stiiailus 
and  relatively  intense  light  adaptation  exjxDsure  levels,  other  approaches  to  the  se^jaration  of  rod  eind 
cone  dark  adaptation  processes  are  possible.  If  dark  adaptation  functions  are  measured  with  spectral 
(morcichmTatic)  rather  than  white  light  test  sources,  functions  varydni?  in  steepness  and  rate  of 
adaptation  are  obtained  as  a  function  of  spejctral  (ironochromatic)  location  (1,2).  Functions  measured 
with  red  light  are  generally  more  shallow  and  rapid  in  aiiij>tation.  They  appear  mxih  like  functions 
measured  for  central  retinal  regions  tlat  are  domirateil  by  oone  photoreceptors  (3),  Functions  measure-i 
with  green  or  bli.^?-green  lights  arc  steeper  .ami  rajuire  moic  time  for  full  adaptation.  Such  functions 
are  more  of  a  oerposite  of  both  rod  and  oone  prcKTCssos.  appropria.e  selection  of  test  light 
wavelengths  and  retinal  location,  such  functions  ran  Ije  made  to  reflect  sv*cific  local  retinal  receptor 
processes. 

Until  recently,  ^-he  mBasurement  of  spectxal  <Uirk  adaptation  functions  of  any  kind  has  bG&c\  even  more 
octrplex  tfan  conventioral  mMsurement.  of  efark  adaptation  with  white  light  a:)urces.  The  de\^lopxTEnt  of 
light  emitting  diodes  (LED)  that  jifut  selectively  m  the  lone?  (red)  ami  in  the  intermediate  (green) 
spectral  regions  has  changed  this  sitiation.  In  this  (lapei ,  we  will  intrcxiuce  a  nev  solid-state  dark 
adapbometer  recently  developed  at  the  betterman  Anny  Institut-  of  Research  (lAIR)  that  uses  red  and  green 


LED  sources  to  separate  rod  and  cone  function  in  a  rapid  and  a  sinple  automated  technique  for  spectral 
dark  atlapbometry  (4). 

THE  UilR  DARK  ADAPTOMEHER 


A  oonposite  illustration  of  the  LAIR  dark  adaptometor — its  principle  of  operation,  pulse  modulation; 
and  its  product,  a  sanple  individual  dark  adaptation  function — is  presented  in  Figure  1.  A  36-inch 
hemisphere,  fitted  with  a  chin  support  and  headrest,  can  be  indirectly  illuminated  to  provide  a  constant 
uniform  light  adaptrtion  source  of  110  candela/m2. 


FIGURE  1.  A  schc?matic  illustration  of  the  LAIR  dark  adaptometer  with  interchangeable  display  modules.  In 
the  upper  right,  a  sairple  daurk  adaptation  function  from  one  individual  as  drawn  under  oonputer  software 
control  by  the  X-Y  plotter  is  shown.  The  upper  aiKl  lower  solid  lines  represent  two  standard  deviations 
about  the  mean  function.  The  duty  cycle  or  pulse  width  modulation  for  a  dim  li^t  (late  dark  adaptation) 
as  oonpared  to  that  of  a  bright  light  (early  dark  adaptation)  is  shewn  in  the  lower  right  insert. 

Threshold  pulse  width  decreases  as  dark  adartation  increases. 

Red  and  green  LED  sources  are  mounted  inside  the  hemisphere  and  are  used  in  either  of  two  display 
nodes.  In  Display  1,  five  bloc)cs  of  LED  red  and  green  sources  are  mounted  on  a  board.  At  their  widest 
separations,  ttey  subtend  an  angle  of  20  degrees  at  the  retina  (Figure  1).  This  diode  array  was  specifically 
designed  to  test  within  a  large  area  of  the  retina  without  the  use  of  any  specific  fixation  point.  The 
subject  is  sinply  instructed  to  respond  when  any  test  light  is  just  visible.  In  Display  2,  specific 
fixation  to  a  central  fixation  diode  is  required.  Any  retiral  area  over  an  eight-degree  region  of  the 
retina  can  be  focalized  by  this  arrangement  and  local  spectral  dark  adaptation  of  this  retinal  region 
measured.  If  tiie  proximal  ring  of  diodes  is  chosen,  the  dark  adaptation  measurenent  will  reflect 
adaptation  primarily  in  the  central  retina  (foveoraacular  dark  adaptation) .  If  the  outermost  ring  of 
diodes  is  chosen  at  eight  degrees  from  fixation,  then  a  peripheral  retinal  dark  adaptation  function  will 
be  obtained.  The  display  contains  two  oonplete  "crosses,"  one  oonprised  of  red  eind  the  other  oonprised 
of  green  LH3  sources.  Each  display  is  a  separate  modular  unit.  Changing  modules  from  one  to  the  other 
involves  plugging  in  the  appropriate  diode  display  board  into  the  same  control  socket. 

Visual  tlueshold  measurement  in  this  apparatus  vras  made  by  a  pulse  modulation  procedure  where  pulse 
width  v/aried  from  one  to  10,000  usee  at  a  pulse  repetition  frequency  of  100  Hz,  a  value  atove  fusion 
flicker  thresfold.  In  this  pulse  domain,  average  quantal  flux  rather  than  peak  pewer  determines 
threshold  level.  Thus,  for  a  constant  peak  output  puwer  of  the  LED,  the  total  averac^  quantal  flux 
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requiiTed  for  threshold  is  directly  manipulated  by  pulse  width  variation.  (In  independent  experiments  (5,10) 
the  reciprocity  between  diode  average  output  power,  i.e.,  light  output,  and  pulse  width  was  unity  over 
the  pulse  width  rainge  from  one  to  10,000  microseconds.) 

Hardware.  The  LED  adaptometer  utilizes  readily  available,  Icw-cost,  integrated  circuits  to  interface 
the  bus  of  an  8080A  (or  other)  microprocessor  to  an  LED  target  display  (5) .  Dedicated  circuitry  is  used 
for  controlling  the  LED  duty  cycles,  selection  of  stinuli,  response  monitoring,  and  for  elapsed 
time-oounting  operations.  Six  integrated  circuits  are  required  to  inplement  these  functions  (Figure  2). 

All  counting  and  timing  operations  are  handled  by  a  pair  of  8253  prograimable  interval  timers.  Stimulus 
control  and  response  monitoring  operations  are  performed  by  cin  8255A  progranmable  peripheral  interface  (PPI) 
With  these  devices,  the  control  of  stiitulus  parameters  eind  psychophysical  test  methods  are  under  software 
oontrol  and  easily  changed  to  meet  test  requirements.  A  7400  NAND  gate  is  used  for  response  button 
ddx)uncing  and  as  a  line  driver  (oetween  the  oontrol  boeird  and  stimulus  display.  The  LID  display  elements 
are  driven  by  two  7406  hex  inverter  drivers  with  open-collector  high-voltage  outputs. 
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FIGURE  2.  Integrated  circuits  used  to  interface  microprocessor  to  LED  target  display. 

The  use  of  the  8253  timers  minimizes  oonputer  participation  in  timing  and  counting  operations  and 
thereby  frees  the  CPU  for  the  performance  of  other  tasjcs.  Each  8253  contains  three  independent  16-bit 
down-counters  which  nay  be  operated  at  cloch  frequencies  up  to  2  mz.  Each  counter  is  provided  with  a 
clock  input,  an  output,  and  a  gate  input  which  can  be  used  to  reset,  stop,  or  start  the  counter.  The 
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counters  can  be  prograrmed  to  operate  in  several  different  nodes, 
their  assigned  tasks  without  further  supervision  by  the  oonputer. 

The  8255A  PPI  is  a  general  purpose  24  line  input/output  device.  The  PPI  input/output  pins  are 
organized  as  three  eight-bit  ports  (A,  B,  and  C) ,  the  functions  of  whicli  cure  urder  the  control  of  the 
microprocessor.  Ihe  LED  adaptometer  uses  ^rt  A  of  the  8255  as  a  latched  output  device.  In  this  node, 
a  control  wrd  output  to  the  port  will  activate  selected  bits  which  can  then  be  used  to  control  the 
operation  of  other  devices  on  the  interface  board.  The  bit  pattern  will  be  retained  until  the  next  data 
byte  is  sent  to  the  PPI.  The  outputs  are  used  to  synchronize  timing  operations,  to  control  an  adaptation 
light,  and  for  selection  of  stimulus  display  elements.  The  nixnerous  ports  of  the  ’’PI  permit  the  control 
of  ccnplex  stimulus  displays.  Port  C  of  the  PPI  is  progranmed  for  input  operation  and  is  used  to  itonitor 
the  status  of  the  response  button. 

The  8253  designated  IC2  generates  the  I.ED  duty  cycles  and  flash  rates.  The  100  Hz,  controlled 
duration  pulse  train  from  IC2,  OUT  2  is  connected  to  the  inputs  of  HAND  gates  IC4A  and  IC4B.  The  other 
inputs  to  these  gates  are  connected  to  the  PPI  output  control  lines  labeled  "red"  and  "green".  Data  sent 
by  the  conputer  to  port  A  of  the  PPI  can  selectively  activate  these  control  lines.  When  either  of  these 
lines  is  activated,  the  corresponding  HAND  gate  will  be  enabled  and  the  LED  duty  cycle  pulse  train  will 
be  transmitted  to  the  corresponding  stimulus  display.  The  8253  labeled  IC3  is  used  as  an  elapsed  tine 
counter.  This  device  is  used  for  timing  the  durations  of  the  light  and  dark  adaptation  periods,  delaying 
changes  in  duty  cycles,  and  as  a  source  of  elapsed  time  data  for  use  during  plotting. 

The  PPI  controls  an  incarxlescent  adaptation  light  via  the  output  labeled  "light."  When  this  output 
is  high,  a  solid-state  relay  switches  a  tungsten  filament  light  "on."  This  light  is  used  to  light  adapt 
the  subject  ’onder  controlled  conditions  prior  to  the  start  of  the  dark  adaptation  test.  The  "response" 
connection  to  port  C  of  the  PPI  is  used  to  monitor  the  status  of  the  response  button.  The  button  is 
debounced  by  HAND  gates  IC4C  and  IC4D  with  the  output  of  the  former  being  connected  to  one  of  the  PPI 
inputs.  When  the  push  button  is  released,  the  input  will  be  high.  This  condition  can  be  recognized  by 
the  conputer  by  reading  a  byte  of  data  from  port  C  £ind  then  nasking  (ANDing)  the  result  to  isolate  and 
test  the  bit  corresponding  to  the  "response"  input. 

Software.  An  abbreviated  version  of  a  BASIC  program  which  uses  the  method  of  limits  to  derive 
separate  adaptation  functions  for  the  red  and  green  UD  test  stimuli  is  listed  in  the  Appendix. 

This  program  stores  the  8253  aount  values  which  control  the  LED  duty  cycles  in  array  L(  ).  The  array  L(  ) 
contains  81  count  values  covering  a  four-log-unit  range  in  increments  of  0.05  log  units.  The  shortest 
duty  cycle  is  approximately  1  us  (two  counts  for  the  2.048  MHz  clock  input)  and  the  longest  is  10000  us 
(20480  counts).  The  table  entries  are  oonputed  in  lines  1330-1370.  The  expression  in  line  1340  derives 
the  log  duty  cycle  values  and  converts  than  to  integer  multiples  of  the  system  clock  frequency.  The 
integer  expression  in  line  1340  limits  the  precision  with  vhich  the  constant  log  interval  can  be 
approximate.  The  values  oonputed  in  line  1350  and  stored  in  the  array  P(  )  are  the  equivalent  log  values 
(times  100)  of  the  actual  inteer  counts  stored  in  L(  ).  The  pre-multiplication  of  the  data  stored  in 
P(  )  scales  the  numbers  for  use  during  plotting. 

Initicdization  of  the  prograitmable  integrated  circuits  is  acoonplished  by  the  instructions  in  lines 
1400-1510.  The  program  begins  with  output  of  an  operating  mode  instruction  which  defines  the  task  to  be 
performed  by  one  of  the  counters  or  ports.  The  mode  cxintrol  word  contains  the  operating  instructions 
and  the  coded  address  of  one  of  the  factional  units  within  the  device.  Elach  counter  or  port  is 
progranmed  separately.  The  8253  counters  eilso  require  initial  count  values.  These  are  written  to  the 
appropriate  address  as  one  or  two  bytes  of  data.  The  8255A  is  instructed  to  perform  sinple  input/output 
operations  in  line  1410.  Subsequently,  data  output  to  port  A  will  be  held  by  the  8255A  until  reprogrammed. 
Simileurly,  Iny  reading  data  from  port  C,  the  current  status  of  the  input  pins  can  be  examined.  Data 
appearing  at  the  input  pins  of  ICl  are  not  latched  when  using  this  node  of  operation. 

The  software  implementation  of  the  method  of  limits  derivation  of  the  dark  adaptation  functions  is 
found  in  lines  1670-1860.  E^ch  stimulus  presentation  starts  with  an  ascending  series.  The  starting  duty 
cycle  value  is  set  0.75  log  units  below  the  last  threshold  (arbitrarily  set  to  2.5  log  units  on  the  first 
presentation) ,  the  appropriate  LED  display  is  switched  on,  and  the  current  elapsed  time  is  recorded.  The 
program  then  enters  a  loop  (lines  1720,  1730)  during  which  the  status  of  the  response  button  and  the 
current  time  values  are  evaluated.  If  no  response  occurs  within  0.5  s,  the  duty  cycle  is  increased  to 
the  next  highest  val.e  and  the  procedure  is  repeated.  If  a  response  is  made,  the  program  stores  the 
current  log  duty  cycle  value.  The  duty  cycles  are  then  incrementally  iecreased  until  the  response  button 
is  released.  The  corresponding  log  duty  cycle  value  is  again  recorded.  The  absolute  threshold  for  the 
trial  is  the  average  of  the  log  duty  cycle  recorded  during  the  ascending  md  descending  linfcs  of  the 
series  (line  1860) . 

After  each  thresl»ld  estiiiHte  !::■  obtained,  the  LED  display  is  switched  off  (line  1890)  and  the  results 
are  plotted  (Figure  2)  using  the  subroutine  beginning  with  line  2150.  The  status  of  the  elapsed  time  bit 
of  ICl  port  C  is  checked  after  each  data  point  is  plotted.  If  the  progranmed  time  interval  has  expired, 
an  eni-of-session  message  is  written  to  the  video  terminal  and  all  LEDs  are  switched  "on"  to  alert  the 
subject  that  the  test  has  ended.  If  the  test  has  not  ended,  the  color  of  the  stimulus  disj^lay  is  changed 
and  program  execution  resumes  at  line  1970. 

The  elapsed  time  counter  is  accessed  by  the  subroutine  beginning  with  line  2370.  The  instruction  in 
line  2380  is  used  to  latch  the  current  count  value  in  the  8253.  This  operation  does  not  interfere  witn 
the  count  operation.  Since  this  8253  is  prograrmed  as  a  16-bit  binary  counter,  it  is  necessary  to  read 
the  count  register  as  two  bytes  of  data.  This  is  acconplished  in  line  2390  where  the  decimal  value  is 
reconstructed  from  the  low  and  high  data  bytes  cind  assigned  to  the  variable  SEC. 

The  software  used  in  our  laboratory  allows  the  operator  to  change  any  of  the  dark  adaptation  test 
parameters  through  conmands  entered  at  the  video  terminal.  Other  software  options  include  1)  exponential 
smoothing  of  the  plotted  adaptation  functions,  2)  detection  of  response  errors,  3)  use  of  a  fixation  point 
with  autoratically  adjusted  intensity,  4)  selection  of  alternative  psychof^iysiced  test  methods,  and 


5)  creation  of  data  files  on  magnetic  disk  for  subsequent  statistical  analyses.  The  unused  output  lines 
of  the  825SA  liave  been  used  to  control  mare  corplex  stimulus  displays. 


Procedures.  Par  the  data  presented  in  this  paper,  the  following  protocol  options  were  used.  Light 
adaptatron  for  five  minutes  at  a  hemispheric  illumination  level  of  110  candela/itr  was  given  to  each 
subject.  Light  adaptation  was  follovred  by  20  minutes  of  darkness,  during  which  tine  threshold  estimates 
were  continuously  made  for  both  sf>2ctral  light  sources.  The  psychophysical  method  of  limits  was  used  to 
derive  the  adaptation  functions  for  the  red  and  green  test  stimuli.  A  trial  began  by  setting  the  apparent 
intensity  (duty  cycle)  below  the  last  estimated  threshold  value.  The  apparent  intensity  was  then 
incraiented  in  equal  log  steps.  Each  level  ves  present  for  a  fixed  time  interval  during  which  the  subject 
either  failed  to  detect  the  stimulus  or  reported  detection  by  pressing  the  response  button.  Chce  the 
stimulus  was  detected,  the  intensity  was  decremented  until  the  siioject  signaled  by  release  of  the  button 
that  it  was  no  longer  present.  Hie  absolute  threshold  for  each  trial  was  the  average  of  the  log  values 
at  viiich  responses  jccurred  during  the  ascending  and  descending  series.  Thresholds  for  both  red  and  green 
TED  sources  were  ojntinuously  tracked  over  the  20  minutes  of  darlcness  in  this  manner.  When  a  fixation 
source  was  enploytd,  the  subject  was  carefully  instructed  not  to  depress  the  response  button  until  the 
light  other  than  ihe  fixation  source  was  detectable.  The  computer  automatically  signaled  the  end  of  the 
test  by  displaying  all  of  the  LED  sources  at  level  above  detection  threshold  for  the  dark-adapted  eye, 

A  total  of  21  human  volunteers  (average  age  25;  3  women  and  18  men)  were  tested.  One  of  these 
TOlunteers  was  a  referred  patient  (nan,  age  23  years):  one  was  a  50  year  old  nale  protanope. 

RESULTS 

Daurk  adaptation  functions  measured  for  19  human  volunteers  for  both  the  red  and  green  LED  sources  are 
shown  in  Figure  3.  These  data  vrere  obtained  by  using  IfD  Display  1  where  tluresliolds  were  measured  witfiout 
fixation  within  a  nonspecified  20  degree  retinal  area.  Average  tiireshiold  values  were  calculated  at 
1.25  minute  intervals  over  the  20  minute  dark  adaptation  period  for  both  the  red  and  green  LED  sources. 

The  inner  horizontal  bars  about  each  tfureshold  point  represent  il  standard  deviation,  whereas  the  outer 
horizontal  bars  atcut  each  tiireshold  point  represent  i2  standard  deviations  a)x>ut  each  mean  threshold 
point.  The  Vcuriability  of  the  curves  is  approximately  ±0.5  log  units  over  the  entire  20  minute  range  of 
dark  adaptation.  The  green  LED  function  is  slightly  more  variable  at  five  minutes  than  at  other  times 
during  the  dark.  (This  variability  may  reflect  individual  differences  in  the  rod/oone  oreak  of  the  dark 
adaptation  function.) 

The  basic  shapes  of  these  functions  are  not  similar.  The  dcurk  adaptation  function  for  the  green  LED 
covers  nearly  a  two- log-unit  range  as  compared  to  less  than  a  log-unit  range  for  the  red  LED  function. 

Dark  adaptation  is  more  rapid  for  the  red  13ED  source  than  it  is  for  the  green  LED  source.  (This  also 
. effects  the  possible  operation  of  more  than  one  photoreceptor  system  measured  with  the  green  LED.) 

Data  from  a  single  volunteer  are  presented  for  conparison  with  the  normal  data  (Figure  3) .  On  the 
green  LED  for  this  subject,  data  points  fall  more  than  three  standard  deviations  above  normal  values 
throughout  most  of  the  dark  adaptation  period.  While  (ie  was  closer  to  the  norm  for  red  LED  function,  his 
data  were  still  more  them  0.5  log  units  (ligher  than  threshold  throughout  the  dark  ad^tation  period.  This 
subject  was  diagnosed  as  an  individued  with  peripheral  retinal  disease;  he  had  complained  of  his  lack  of 
being  able  to  see  at  night.  His  vision  under  dayli^t  condition  was  within  normal  limits  as  measured  on 
standard  tests  of  spatial  vision  (6). 

Dark  adaptation  functions  measured  (Display  2)  at  three  eccentricities  from  fixation  are  presentei  for 
one  representative  normal  htran  subject  (Figure  4).  From  this  figure,  one  can  compare  the  measuraien  s 
at  one  degree  eccentricity  between  the  normal  human  volunteer  and  a  human  protanope  (a  person  who  hat 
difficulty  in  miaking  color  discrimiinations  in  tj."  red  region  of  the  visible  spectrum).  At  an  eccentricity 
of  eight  degrees,  the  red  and  green  LED  sources  yield  dark  adaptation  functions  simdlar  to  those  slcwn  in 
Figure  3.  However,  as  eccentricity  from  fixation  is  made  more  central,  dark  adaptation  for  the  green  LED 
beocTEs  more  shallc*.r  and  an  overall  increase  in  threshold  occurs.  While  the  slope  of  the  function  for  the 
red  LED  changes  little  as  thresfiold  measurement  becomes  more  central,  an  overall  increase  in  visual 
threshold  for  the  red  LED  occurs.  Data  from  the  human  protanope  relative  to  the  normal  human  at  one 
degree  eccentricity  are  considerably  hiqfier  in  thresliold  for  the  red  LED  than  for  the  green  LED. 

DISCUSSION 

In  this  paper ,  we  have  introduceti  a  new  dark  acfaptometer,  the  LAIR  dark  adaptometer,  and  data  that 
validate  its  usage.  Spectral  dark  adaptatiiin  measurements  in  the  red  region  of  the  spectrum  should  be 
more  rapid  and  shallow  than  measuremE'nts  made  in  the  green  or  blue-green  region  of  the  spectrum.  Our  data 
for  large  peripheral  test  fields  with  or  without  fixation  sipunrt  this  finding  (1,2). 

Measuraments  of  <iark  adaptation  made  within  the  central  retina  should  reflect  more  oone  function  and 
less  rod  function.  Aratoimically,  the  density  of  cones  increases  towards  the  central  retina  while  that  of 
the  rods  decreases  (7).  Such  is  the  case,  as  our  roi)  LED  functions  measured  centrally  are  lower  in 
threshold  than  comparable  functions  measured  [xiripherally.  Thus,  increasing  concentration  of  cone 
photoreceptors  toweurd  the  central  retina  is  reflected.  Conversely,  the  increase  in  tliresholds  obtained 
for  the  green  LED  source  reflects  the  general  decrease  in  the  concentration  of  rods  as  the  central  retina 
is  approached. 

Data  olotained  from  individual  subjects  with  peripheral  retinal  disease  or  congenital  color  vision 
deficiency  involving  long  wavelength  color  discrimination  also  ;  iipport  the  validation  of  this  instrument. 
Traditional  dark  adaptometry  made  on  the  visual  system  of  individuals  having  peripheral  retinal  disease 
always  reflects  greater  loss  in  rod  dark  adaptation  than  oone  dark  adaptation.  Our  dark  adaptation  data 
for  one  person  with  peripheral  retincd  disease  indicated  more  disription  in  rod  (green)  adaptation 
measurements  than  in  oone  (red)  dark  adapitation  muHsuraients.  Similarly,  the  one-degree  dark  adaptation 
data  of  our  mingle  protanopic  subject  reflecteil  a  gieater  departure  from  long  wavelength  oone  dark 
adaptation  than  shorter  wavelength  dark  adaptation  in  normal  and  congenitally  color  blind  human  subjects  (2). 


TIME  (MIN) 


FIGURE  3.  Average  data  frx3m  19  huwi  volunteers  shown  for  both  the  red  and  green  LED  measured  with 
Display  1.  Thu  inner  horizonteil  bars  represent  +1  standaurd  deviation  and  the  outer  bars  represent 
'2  star^iard  deviations  alout  each  maan  threshold.  Data  from  one  volunteer  patient  with  peripheral 
retinal  disease  are  presented  for  both  LED  sources. 

The  variability  obtained  for  our  spectral  dark  adaptation  functions  is  quite  similair  to  that  obtained 
bry  Sloan  (8)  for  conventional  apparatus  utilizing  a  v^te  lic#it  test  source.  As  in  her  study,  95%  of  the 
’/ar lability  in  our  measuresnents  of  threshold  equals  about  iO.5  log  units  over  the  entire  course  of  dark 
adaptation.  Further  conparison  with  the  work  of  Sloan  (8)  is  desirable,  but  corparison  between  a 
broa<Ibanded  white  light  test  source  cind  a  spectral  source  is  difficult.  However,  if  her  data  are  carpared 
with  our  peripheral  green  LED  function,  as  both  reflect  rod  and  oone  function,  the  dyiramic  range  over  a 
ociTparable  20  minutes  of  dark  adaptation  is  quite  similar.  Conparison  with  nore  recent  hoian  dark 
fxiaptatirxi  mecisareiTEnt  nade  witn  green  tjd  sources,  wtere  current  rather  than  pulse  nodulation  wcis  used 
to  rx)ntroi  tlireshold  detection,  also  yields  a  close  agreerent  in  overedl  dyramic  range  for  the  first 
20  minutes  of  vi^u‘k  adaptation  (9) .  Both  these  conpeirison  studies  measured  dark  ac^ptotion  out  to 
30  minutes  and  thus  obtained  about  another  0,25  log  units  of  adaptation.  In  se^.reral  limited  studies,  we 
ha'TB  obtained  similar  results,  thereby  suggesting  that  we  are  in  fact,  measuring  close  to  the  full  dynamic 
rainge  obtained  by  Sloan  (8)  and  others  (9).  Furthenrore,  with  filtered  experimental  short  wavelength  LED 
sources  (10)  we  have  demonstrated  that  the  spectral  ccrponents  of  our  green  LED  is  sufficient  to  evoke 
the  sootopic  systan  for  the  fully  dark-adapted  oye. 
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FIGURE  4.  Data  frtjn  one  nonml  huitin  \rolunteer  measured  at  8,  3,  and  1  degree  eccentricity  from  fixation 
as  vvell  as  data  frcxn  one  hunan  protan  (protanope)  \^lunteer  are  presented.  For  the  norml,  threshold 
decreases  in  the  red  as  €?ccentricity  becomes  nore  central  and  increases  in  the  green  with  more  central 
eccentricity.  The  protan  at  1  degree  is  much  higher  on  the  red  than  the  nonral  1  degree  function.  In 
the  green,  the  functions  for  nom^  and  protan  are  identical, 

V^le  the  data  presented  here  tend  to  validate  the  use  of  this  adaptometer,  its  application  to 
military  night  vision  problems  needs  err^hasis.  Over  the  past  two  years,  it  has  become  iixirreasingly 
obvious  to  us  that  even  routine  screening  of  indivitlials  for  night  vision  military  assignment  can 
identify  individuals  with  severe  nic^t  vision  problems  with  underlying  retinal  disease  etiology.  ^Srile 
we  have  presented  only  a  single  case  in  this  [jajjer,  we  ha\e  made  similar  observations  in  rrany  individials, 
some  of  whom  have  been  in  critical  positions  during  ni<^t  vision  military  functions.  The  routine  use  of 
dark  ad^Jtometry  testing  to  screen  such  individuals  has  cAiviously  been  t^reatly  hanpered  by  the  con^:)lexity 
of  the  procedure  and  instrumentation  typically  as59ociated  with  even  the  simplest  dark  adaptometry 
measuresrent.  The  lAIR  aciaptcmeter  eliminates  such  conplexity,  as  its  computer- based  fomrat  autonatically 
plots  arrl  stores  data  anci  provides  the  basic  options  of  measurement  to  the  operator. 

The  associated  problem  of  selection  of  those  individuals  that  iroy  adapt  most  rapidly  and  achieve  the 
lowest  final  thresholrls  is  a  problem  that  can  be  more  easily  afproached  with  an  autorated  data  storage 
instrument.  The  more  conplex  problem  of  determining  exactly  v^t  night  vision  functions  ai‘e  essential  to 
overall  night  vision  oerforrrBnce  can  be  assessed  best  with  the  use  of  an  instronent  that  will  allcv 
measurements  of  dark  atJaptation  to  b(?  nade  in  a  varied  format  that  offers  maxirnim  conplexity  of  visiul 


measurement  with  maximum  flexibility  in  experimental  desiqn.  The  LAIR  dark  adaptorrcter  will  cireatly  aid 
the  applied  visual  scientist  to  resolve  the  present  problems  of  optimizing  night  vision  fierfonrance.  At 
the  same  time,  it  will  fill  an  iJiportant  need  for  sinple,  routine  capability  to  measure  rod  and  cone  ciark 
adaptation  in  the  military  population. 
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REM  DEFINITIONS  OF  PliXIiAM  CQNSTAMl'S/VARIABLES : 

REN  (Ali.  TIME  CXIUNTS  ARE  MULTIPLES  OF  0.1  SB2) 

REN  Tl=LIQrr  ADAPTATION  TIME 

REM  T2=DARK  TUOAPTATION  TIME 

REM  IZ=LDG  UNIT  DECREMENT  EDR  NEW  STIMULUS 

REM  D=CONTRDLS  STIMULUS  OBSERVATION  INTERVAL 

REM  L()=Dim  CYCLE  COUNTS 

REN  P()=100*IOG  DUTY  CYCLES 

REM  DurY=ABtBLUTE  HIRESHOLD  (LOG  DUTY  CYCLE) 

REM  SEC=ErAPSED  TIME  IN  SBCONDS 

REN  IP=ASCENDING  POINTER 

REM  JP=DESCENDING  POINTER 

REM  IS=8255A  Oinpur  CONTROL  BYTE 

REM  RG=COLDR  SELEXTT,  RED=0,  GREEN=8 

REM  RL,GL=L()  ENTRY  POINTS  TOR  RED,  GREEN  TRIALS 

CLEAR  255 
OEFIOT  A-Z 
DIM  L(80)  ,  P(80) 

Tl=3000 : T2=12000 : I Z=1 5 : D=65 : IP=50 
RI^50:GL=50:R08:  IS=1C 


REM  SET  UP  INTENSITY  TABLES 
EOR  I=0T0  79 

L=INT  (2. 048*EXP(. 11513*1)) 

L(I)=20475-L:P(I)=LW(100*UX3(L/2.048)/2.  30259) 

NEXT  I 

L(80)=0:P(80)=400 

REM  HARDWARE  INITLMIZATION 

REN  SET  8255A  MDDE.-PORT  AKILT.PORT  C=INPUr 

OUT  3,  139 

REM  INITIALIZE  DUTY  CYCLE  TIMERS  (8253,  IC2) 
an  19,52:OUT  19,178 
;-!IN  SET  FLASH  RATE  TO  100  Hz 
ourr  16,0:OLT  16,80 

REM  INITL3LIZE  ELAI'SIU  TIME  COLWI'EKS  (8253,  IC3) 

aT  ll,52:Oirr  11,84:CHT  11,17b 

REM  SET  0.1  SEX.'  TLMF  lilSE  (10*10  M5=0.1  SIE) 

OUT  8,0:OUr  8,80:0171  9,10 

REN  SET  Liarr  adaptation  TIME  TO  T1 

OUT  10, T1  MOD  256 .-OLT  10,T1^256 

REN  EEOIN  Lliarr  .AIAPrATION 
OUT  0,9 

REN  atnOK  EX)K  END  OF  LfCin'  /MAPTATKW 
IF  (rNT(2;  AND  128)=128  (Tm))  590  KlSi:  OTOISSO 
('EM  SET  DAIJK  /dlAPIATION  TIME  T  ■  T2 
OIT  10, T2  MOD  256:0171  10,T2- ,256 

REN  SET  ISITL'vI,  DCn'  lYCIi:,  T!  W,'  K.  'lA'TiJ.T 

Ol.T  18,L(:P)  MjD  256:01'!  18,:, (IP!  25l,:’ 0,  IS 

REN  INCREASE  IX.rrY  CYaJJ  lATTlV  D'O.OO.N,  '  SII'  10.5  SEL') 

EOU  ]=lTn  D:IF  (INI' (2)  AID  b4)-0  THIN  1  ■' SO  EI.'-'I:  NIXT  I 
!i>=U'+l:lF  IP'80  HDN  m7ri'=400:iTm)1880 
rx.T  18,L(IP)  MOD  256:0171  1  8,  LI  IP!  ■  25(.  :■)  70  il  700 
JP=IP 

KIN  DECRDASl:  iJl/IY  CYCLE  EVTKY  D*n.00.I()7  SIC  (0.5  SIC) 

I7)K  I-1'TO  I):1F  (INI'(2)  AllU  64, =64  THEN  1860  lOBE  NlOCr  I 

J1'=JP-1:IF  JP-'O  TlttN  D17rY=0:awO1880 

our  18,  L(JP)  MOD  256:OLT  18,L(.JP)\256:ODTO1750 

REM  fill  THE  average;  LOG  (GEJDMETRIC  MEAN  OF  DUTY'  CYCLES) 

DUTY=(P(IP) +P(JP)  )\2 

HEM  TURN  OET  TARGE! ,  GET  TIME:,  I'iOCESS  DATA 

OUT!  0,8:fXiSUB2370 

REN  STORE  THE  NEW  LOOKUP  VALUE 

IF  RO=0  THEN  RI^DUTY\5-IZ:IF  RL'  O  THEN  RL=0 

IF  RG=8  niEN  GL=DI.ITY\5-IZ:  IF  (X' 0  'IHEN  ia,=0 

REN  PLOT  DIirY  VB.  TUE 

()OEIIB2150 

REN  aiVNGE  COIOR  AND  CONriNUE 

IF  RO=0  TIDN  R08:  I.S=10:IP=<2,:(imil<.^0 

IF  1-!G=8  "nilN  l..>0:  LS=12:  IP=RI,:anTll670 

END 

HEM  SUKROUTINKt 

*****************************•*******************♦'■**********************'*** 


******************** 


2090  : 

2150  REM  PIJDT  RESPONSE  DATA 

2160  REM  (THE  PDDT  ROITTINF  IS  NOT  INCLUDED  IN  TlilS  LISTING) 

2280  RErnJFN 
2290  : 

2370  REM  GETT  TIME,  CHECK  FOR  END  OF  SESSION 
2380  OUT  11,128 

2385  IF  {INP(2)  AND  128)=128  Cj0r02010 
2390  SEX>(T2-(INP(10)+256*INP(10)))\10 
2400  RETURN 
2440  : 

2450  REM  **^*******************************************************'***i*r****t^*ink*******ik*******it****^******* 


DISCUSSION 

DR  c:  PERURIEL  (FR) 

Although  unfitness  of  flying  personnel,  through  inadequate  night  vision,  is  less  than  1%  it  is 
desirable  to  assess  the  extent  of  night  vision  of  potential  pilots.  Of  the  adaptometers ,  with 
white  or  coloured  light,  we  prefer  in  France  to  use  Beyne's  scotoptometer  which  measures  the 
smallest  amount  of  light  which  will  permit  the  recognition  of  a  shape  in  the  dark. 

AUTHOR 

We  are  not  so  much  concerned  with  aircrew  as  soldiers  at  night,  for  whom  the  ability  to  dark  adapt 
or  to  see  minimal  liglic  is  extremely  important.  I  think  the  fighter  pilot  may  have  a  slightly 
different  problem.  We  are  not  equating  dark  adoptatio.'i  with  night  vision,  we  are  simply  saying 
that  it  is  important  to  measure  it;  but  we  have  not  yet  defined  criteria. 
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INTROOUCTION 

Screening  for  noise  induced  hearing  loss  serves  at  least  three  main  purposes: 

1.  diagnosis:  the  detection  of  acquired  hearing  loss. 

2.  general  prophylaxis:  the  establishing  of  risk  criteria  for  noise  exposure  in  order  to 
prevent  noise  induced  hearing  loss. 

3.  individual  prophylaxis ;  the  judgement  of  individual  susceptability  and  chance  for 
farther  development  of  hearing  loss  under  continued  noise  exposure. 

In  1979,  Norway  had  27.890  young  men  in  15  months  obligatory  military  service  and  employed 
25.273  full  time  military  and  civil  personnel  as  well  as  about  85,000  local  troops  with 
some  few  weeks  annual  military  service  (Fakta  om  Forsvaret  1980).  A  hearing  prophylaxis 
program  should  give  individual  prophylaxis  against  noise  induced  hearing  loss  as  well  as 
providing  information  relevant  for  the  establishment  and  current  revision  of  general  risk 
criteria. 

The  economical  means  available  for  hearing  prophylaxis  in  Norway  are  limited  -  and  geo¬ 
graphy,  climate  and  scattered  population  effectively  prevent  an  appropriate  decentralized 
audiological  service.  Consequently,  the  programme  should  allow  appropriate  initiatives  in 
hearing  prophylaxis  to  be  taken  locally  by  non-professional  staff  according  to  central 
decisions  -  as  well  as  allowing  central  control  of  the  practical  results  of  the  programme 
so  that  the  needed  revisions  can  be  made,  preferably  by  simple  change  of  the  criteria  in¬ 
volved  rather  than  through  revision  of  the  entire  strategy.  Besides,  the  criteria  for 
tolerated  hearing  loss  in  the  certain  working  environment  should  focus  on  individual  perma¬ 
nent  hearing  threshold  shift  rather  than  deviation  from  "normal"  threshold  in  order  to 
avoid  the  massive  exclusion  of  experience  persons  with  already  acquired  hearing  loss  from 
their  normal  duty  -  provided  that  frequent  measurements  are  performed,  allowing  the  immedi- 
at*-  :-rasi;enbion  of  susceptable  individuals  with  progressive  hearing  loss  from  continued 
noise  exposure . 

Practical  p^rogramme . 

The  forthcomin  programme  for  hearing  loss  prophylaxis  in  the  Norwegian  Armed  Forces  is 
designed  by  the  author  and  includes: 

a.  A  central  archives  of  noise  level  reglst  rat  ions  for  the  different  civil  and  military 
working  situations  ( Borchgrevink  1980a) . 

1.  to  obtain  an  overview  of  excisting  noise  registrations  based  on  which  one  may  work 
our  a  priority  list  of  v;an  .ed  registrations,  saving  the  capacity  for  new 
measurements  . 

2.  allowing  central  audiological  judgement  of  reported  hearing  loss,  witli  tiie  "built  in" 
opportunity  to  evaluate  different  and  corresponding  working  situations,  evaluate- 
and  compare  the  different  methods  of  noise  prophylaxis  applied  intJ-ie  various  uiaces,thus 
■making  rxDssible  a  ccjntral  coordination  and  establishment  of  the  optional  prophylactic 
regimes  in  all  corresponding  working  situations 

3.  'Jiving  the  local  worker  one  address  from  where  he  can  obtain  information  concerning 
all  aspects  his  noise  environment. 

b.  the  publishing  and  distribution  of  noise  level  measurements,  risk  criteria  and  recom¬ 

mended  prophylactic  initiatives  to  the  various  places  of  work  -  e.g.  for  each  type  of 
work  the  minutes  of  noise  exposure  tolerated  without  and  with  recommended  hearing  protec¬ 
tion  before  permanent  hearing  loss  is  probable,  is  estimated,  based  on 

the  85dB  (A)  Leqv,  8h  noise  dosage  tolerance  and  the  "  idB  rule"  apr^mved  by  the  Norweg¬ 
ian  authorities.  (Borchgrevink  1978  a,b). 

c .  a  udiometry  of  personnel. 

1.  enrolment  of  recruits  for  obligatory  military  service:  screening  audiometry  20dB 
for  the  frequencies  250,  500,  1000,  2000,  3000,  4000,  6000,  8000  Hz.  The  person  is 
given  a  certain  digit  (1-9)  depending  on  which  frequencies  he  cannot  hear  .(see  C2)  . 
Certain  digits  are  required  for  each  type  of  duty,  based  on  judgements  of  the  opera¬ 
tive  qualifications  neeaed  for  a  particular  service  as  well  as  the  protection  of 
individuals  with  susceptable  hearing. 

2.  beginning  of  work/service  which  implies  exposure  to>80dB  A)  Leqv.  8  h  or  impulse 

noise:  screening  audiometry  according  to  C-1  and  hearing  threshold  measurement  of 

the  standard  frequencies  given  above  on  per  r.-'r. 20dB  hearing  loss  on  one  or 

rf‘  f  re  |uencies  . 


Normal 


Hearing  loss  > 20dB  in  freq.  range  (Ht) 


Right  ear 

a 

<  500 

□ 

1000,  2000 

□ 

.23000 

I - 1 

Hearing  digit 

Left  ear 

□ 

rn 

□ 

J _ 1 

CZZl 

Code  for  selection  of  HEARING  DIGIT;  (based  on  screening  or  threshold  audiometry): 

HEARING  DIGIT; 

Normal  hearing  both  ears  9 

Hearing  loss>2Q  dB:£.500Hz  one  ear 

"  "  "  "  both  ears  8 

"  "  >20d3  1000,  2000Hz  one  ear  7 

"  . .  "  both  ears  6 

"  "  V  20dB_>  3000Hz  one  ear  5 

"  "  "  "  both  ears  4 


Hearing  loss  20dB  in  two  or  three  of  the  above 

given  frequency  ranges  in  the  same  ear  3 


Social  hearing  without  hearing  aid.  The  greatest  sum  dB  loss 
for  3  neighbour  frequencies  (see  instruction  c)  for  right  and 
left  ear  together  is  ^  200dB.  2 

Lacking  social  hearing  without  hearing  aid  1 

Instruction  (abstract) ; 

a)  If  the  person's  hearing  loss  leads  to  different  hearing  digits  for  tlie  two  ears, 
his  hearing  digit  should  be  the  lowest  of  the  two  digits. 

b)  Hearing  digit  1  implies  that  the  person  is  not  qualified  for  military  service. 

c)  Hearing  digit  2:  based  on  threshold  audiogram  one  finds  the  3  neighbour  fre¬ 
quencies  where  the  sum  of  dB  loss  is  greatest  for  the  right  and  left  ear,  respec¬ 
tively.  Note  this  sum  dB  loss  for  right,  left  and  both  ears  on  the  audiogram. 
Hearing  digit  2  is  given  when  this  sum  for  both  ears  together  exceeds  200dB  and 
implies  that  the  person  should  not  be  exposed  to>80dB  (A)  Leqv.  8h  or  impulse 
noise  (aircrew  still  follow  US  standards)  (Borchgrevink  1980b). 

3.  during  work/service  described  in  C2: 

a)  audiometry  as  in  C-2  at  least  annually,  for  recruits  in  the  obligatory  military 
service  also  after  3  months  of  gunfire  exposure  at  the  school  for  military 
training . 

b)  Incase  of  threshold  shift  2.  lOdB  on  one  or  more  frequencies:  repeated  audiometry 
after  one  week  without  noise  exposure,  procedure  as  described  in  C2,  and  in  case  of 
permanent  threshold  shift  >  lOdB  at  one  or  more  frequencies,  eventual  transfer  to 
other  work/service  with  lower  noise  exposure  according  to  certain  criteria. 

4.  ending  work/service  described  in  C2: 

hearing  threshold  measurement  as  described  in  C2: 

D.  Audiograms  with  a  hearing  loss  >  30  dB  at  one  or  more  frequencies:  copy  should  be  sent 
to  the  Joint  Medical  .Service’ s  archives  for  eventual  evaluation  by  the  central  audio¬ 
logist. 

The  above  program  for  hearing  prophylaxis  in  the  Norwegian  Armed  Forces  is  in  accordance 
with  the  Norwegian  1977  law  on  work  environment  and  largely  also  with  the  additional  re¬ 
strictions  and  orders  that  are  worked  out,  but  not  yet  being  approved  by  the  authorities. 
(Lov  om  arbeidervern  oq  arbeidsmilj^  1977,  Utkast  til  generelle  forskrifter  om  st0y  p3 
arbeidsplassen  1979).  The  program  will  be  gradually  introduced  along  with  the  ongoing 
re-establishment  and  reorganisation  of  the  audiometry  service,  and  will  be  subjected  to 
revision  according  to  future  experience.  The  program  focuses  on  individual  permanent 
threshold  shift,  which  should  be  a  relevant  parameter  in  hearing  prophylaxis  regardless 
of  what  future  research  might  hold  as  the  optimal  parameter. 

COMMENT . 

Speech  comprehension  in  noise  is  spesifically  impaired  in  the  listener's  second 
language,  even  for  well  known  words  and  simple  sentences  (Borchgrevink  1980c).  English 
is  the  main  language  used  in  aviation.  We  therefore  work  to  arrive  at  a  convenient  test 
for  first  and  second  language  sentence  perception  in  noise,  which  is  to  be  used  as  test 
for  evaluation  of  social  handicap  due  to  hearing  loss  as  well  as  adequate  base  for  the 


judgement  of  operational  capacity  in  air-crew  or  in  any  personnel  relying  upon  inter¬ 
communication  systems  in  their  duty.  In  the  beginning  the  test  will  be  used  in  addition 
to  established  criteria  in  borderline  cases,  e.g.  for  judging  whether  it  is  safe  to  ad¬ 
vise  continued  air  service  in  pilots  with  substantial  hearing  loss. 

However,  there  is  no  reason  why  such  tests  should  not  be  used  both  for  selection  and 

routine  excimination  of  e.g.  air-crew,  as  well  as  being  introduced  in  the  screening  audio¬ 
metry  program  for  the  judgement  of  operational  capacity,  as  there  is  no  convincing  cor¬ 
relation  neither  between  pure  tone  audiometry  and  conventional  speech  audiometry,  nor 
between  conventional  spech  audiometry  and  functional  speech  comprehension  in  background 
noise  (Noble  1971,  Plomp  1978,  Dreschler  1980,  Dreschler  &  Plomp  1980). 
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DISCUSSION 


MR  S  FORSHAW  (CA) 

In  assessing  aircrew  whose  puretone  hearing  losses  approach,  or  drop  below,  a  given  criteria  level, 
what  weight  does  the  Royal  Norwegian  Air  Force  place  on  speech  audiometery,  particularly  if  the 
puretone  hearing  levels  suggest  that  the  roan  should  be  removed  from  flying  duties? 

AUTHOR 

We  are  awaiting  a  speech  comprehension  test  which  is  under  development.  At  present  we  test  the 
pilot's  practical  performance  by  giving  him  unusual,  but  adequate  coomands  through  the  GCA  operator 
while  the  pilot  performs  real  take-off  and  landing  procedures.  If  the  pilot  performs  adequately 
his  medical  certificate  is  temporarily  extended.  In  future  we  will  probably  base  i  ur  criteria  on 
a  speech  comprehension  test  rather  than  puretone  audiometry. 


PROPOSED  NEW  VISION  STANDARDS  FOR  THE 
1980's  AND  BEYOND:  CONTRAST  SENSITIVITY 


by 

Captain  Arthur  P.  Ginsburg 
Aviation  Vision  Laboratory 
Visual  Display  Systems  Branch 
Human  Engineering  Division 
Air  Force  Aerospace  Medical  Research  Laboratory 
Wright-Patterson  AFB  OH  45433 


SUMMARY 

Present  visual  standards  are  generally  based  on  the  observer's  ability  to  see  small 
high  contrast  black  and  white  letters  or  symbols.  Current  research  shows  that  such  vision 
tests  are  not  adequate  to  evaluate  an  individual's  target  detection  and  recognition  capa¬ 
bility  over  ranges  of  target  size  and  contrast  used  in  real  situations.  New  vision  tests 
are  being  developed  that  use  the  observer's  report  of  the  visibility  of  sine-wave  gratings 
(that  look  like  fuzzy  bars)  to  assess  visual  capability  with  much  more  sensitivity  than 
that  of  standard  tests.  The  new  tests,  called  contrast  sensitivity,  assess  vision  using 
the  same  method  used  to  assess  hearing.  Just  as  hearing  tests  use  sound  intensity  and 
temporal  frequency  to  measure  audioroetric  sensitivity,  contrast  sensitivity  tests  use  con¬ 
trast  and  spatial  frequency  to  measure  visual  sensitivity.  Because  standard  eye  charts 
do  not  change  contrast,  they  cannot  measure  vision  sensitivity  to  any  except  the  smallest 
size  symbols.  The  relationship  between  contrast  sensitivity  and  eye  charts  will  be  dis¬ 
cussed  using  normal  and  abnormal  vision.  Although  standard  eye  charts  are  useful  to  create 
an  in-focus  image  in  the  back  of  the  retina,  contrast  sensitivity  techniques  are  needed  to 
measure  the  next  physiological  state  that  determines  the  observer's  response  to  that  image. 
Data  are  presented  that  reveal  individual  differences  in  contrast  sensitivity  among  normal 
observers  that  have  definite  implications  for  visual  performance  in  operational  environments. 
Since  these  differences  in  visual  sensitivity  can  relate  to  detection  and  recognition  ranges , 
these  data  can  then  be  transformed  into  time  to  perform  certain  tasks  and  lead  naturally 
towards  visual  standards  being  based  on  task  performance  under  operational  conditions.  It 
is  suggested  that  contrast  sensitivity  data  be  obtained  in  parallel  with  conventional  vision 
tests  to  begin  creating  visual  standards  that  relate  to  observer  capability  over  the  full 
range  of  operational  environments. 

INTRODUCTION 

The  Air  Force  mission  is  to  fly  and  fight.  Although  manned  aircraft  are  projected  to 
perform  that  mission  well  into  the  twenty-first  century,  today's  high  technology  aircraft 
are  outperforming  the  physical  capabilities  of  the  pilot  and  are  creating  increased  work¬ 
load  that  can  seriously  jeopardize  the  success  of  the  mission.  These  facts  demand  the 
selection  of  pilots  based  on  physical  standards  that  complement  his  weapons  systems  and 
call  to  question  currently  accepted  standards  in  many  areas.  One  obviously  important 
physical  standard  relevant  to  virtually  all  Air  Force  missions  is  vision.  Although  no  one 
would  question  the  importance  of  other  complex  tasks  that  the  pilot  is  required  to  perform, 
vision  is  the  only  sensory  system  to  be  used  to  its  fullest  capacity.  In  spite  of  advanced 
electro-optical  sensors,  visual  target  acquisition  remains  the  key  to  successful  air-to-air 
combat.  He  who  detects  the  enemy  first  has  by  far  the  greatest  chance  of  survival  and 
combat  success.  That  dictum,  echoed  throughout  aviation  history,  was  recently  reinforced 
by  written  comment's  obtained  from  100  American  air  aces  (1).  That  study  also  found  that 
visual  target  acquisition  was  rated  as  a  more  important  critical  combat  skill  than  selecting 
and  executing  the  best  maneuver  to  gain  a  firing  position.  Further,  superior  vision  can 
reduce  workload.  Increased  detection  range  of  targets  means  increased  time  for  the  pilot 
to  perform  coiT±)at  related  tasks  which  in  turn  help  reduce  workload.  In  summary,  present  and 
future  missions  will  require  pilots  to  have  optimum  visual  capability  and  visual  standards 
must  relate  to  that  capability  in  terms  of  task  performance. 

Although  no  one  wou’d  regard  visual  target  acquisition  as  a  simple  function,  current 
visual  science  does  allow  that  complex  function  to  be  broken  down  into  certain  general 
subfunctions;  for  example,  optical,  physiological,  and  cognitive.  Even  these  subfunctions 
are  comple’x  and  the  relationships  between  them  are  not  fully  understood.  However,  at  least 
certain  ma]or  aspec.s  of  the  first  two  funct ions --opt ica 1  and  physiological--appear  to  be 
un  lerstandablc  and  measurable  today  to  the  degree  that  meaningful  standards  for  those 
functions  can  be  considered.  These  two  functions  will  be  discussed  and  related  to  the 
possible  creation  of  relevant  visual  standards  based  on  observer  capability  that  effect 
combat  performance.  This  approach  does  not  diminish  the  importance  of  cognitive  factors 
in  target  acquisition.  However,  unless  the  optical  quality  of  the  eye  creates  an  in  focus 
image  at  the  retina  and  physiological  mechanisms  are  sensitive  to  features  of  that  image, 
then  it  is  a  moot  point  as  to  the  motivation  of  the  observer  affecting  performance.  No 
amount  of  motivation  can  make  up  for  the  fact  that  the  target  cannot  be  physically  seen. 

It  is  highly  unlikely  that  complex  visual  performance  will  ever  be  fully  predictable  in 
the  real-world  except  for  certain  limited  tasks  under  special  conditions.  Until  further 
gains  are  made  in  understanding  complex  visual  function,  it  is  suggested  that  our  present 
goal  be  to  set  standards  that  optimize  the  capability  of  visual  functions  that  can  be 
measured  and  are  known  to  consistently  affect  performance. 

The  stress  on  general  capability  rather  than  specific  performance  is  made  because  all 
too  often  visual  standards  as  well  as  other  performance  criteria  are  required  to  be  shown 


¥. 


LOW  MEDIUM  HIGH 

SPATIAL  FREQUENCY 

Fig.  1  Examples  of  sine-wave  gratings  having  low,  mediujn  and  high  spatial  frequencies 
at  low  and  high  contrast.  The  luminance  distribution  for  each  grating  is  shown  below 
each  grating  patch.  Note  that  these  gratings  will  have  different  visibilities  depend¬ 
ing  upon  viewing  distance  due  to  the  visual  filtering  characteristics  of  the  observer, 
(frrm  ref.  22) 

relevant  to  "real-world"  performance  before  acceptance.  On  the  surface,  that  requirement 
seems  quite  reasonable.  The  main  problem  with  that  approach  is  that  there  is  an  endless 
list  of  "real-world"  performance  criteria  that  are  based  upon  sometimes  quite  different 
mission  requirements.  Relevant  visual  requirements  for  the  combat  pilot  to  detect  a  target 
under  clear  atmospheric  conditions  over  a  desert  are  quite  different  from  that  under  low 
contrast  conditions  such  as  those  found  in  haze,  fog  or  smoke  that  would  exist  in  a  European 
scenario.  Present  needs  require  visual  standards  that  relate  to  visual  capability  that  are 
needed  under  all  possible  viewing  conditions. 


Present  visual  standards  are  primarily 
based  on  measures  of  visual  acuity  using  the 
visibility  of  high  contrast  optotypes  such 
as  Snellen  letters.  Unfortunately,  visual 
acuity  measures  based  on  high  contrast  tar¬ 
gets  have  not  related  well  to  visual  per¬ 
formance  except  under  certain  conditions  of 
limiting  resolution.  By  definition,  acuity 
measures  do  not  measure  visual  sensitivity 
over  the  range  of  object  size  and  contrast 
that  is  relevant  to  many  combat  arenas;  for 
example  the  relatively  high  contrast  envi¬ 
ronment  of  the  daytime  desert  as  compared 
to  the  low  contrast  European  environment 
seen  under  twilight  or  dawn  conditions. 
However,  the  limitations  of  acuity  measures 
can  be  overcome  using  a  more  sensitive  mea¬ 
sure  of  visual  capability:  contrast  sensi¬ 
tivity.  This  paper  will  present  data  that 
show  the  limitations  of  acuity  measures  and 
the  advantages  of  contrast  sensitivity 
to  help  create  vision  standards  that  do 
relate  to  the  capability  of  performing 
certain  military  missions.  For  example, 
individual  differences  in  contrast  sensi¬ 
tivity  exist  that  have  important  implica¬ 
tions  for  visual  target  acquisition  under 


SPftTIAL  FREQUENCY  {CYaES  PER  DEGREE) 


Fig.  2  A  typical  threshold  conti ast  sensitivity 
function  (15)  is  shown  by  the  wide-band  inverted 
0-shaped  curve.  Note  that  the  visual  system  iS 
most  sensitive  to  threshold  sine-wave  gratings 
at  about  2  cpd  and  is  limited  to  passing  spatial 
frequencies  greater  than  about  60  cpd.  The  nar- 


a  wide^  variety  of  conditions  that  are  not  row-band  curves  represent  channel  filters  based 


measured  by  acuity  tests.  Finally,  the  on  biological  data  (12). 


Fig.  3  A  photographic  series  of  a  F-16  aircraft  having  decreasing  contrast.  Note 
that  the  details  such  as  the  wing-tip  missiles  disappear  before  the  larger  features 
such  as  the  wings  and  fuselage  with  decreasing  contrast.  Similar  to  the  gratings  of 
Figure  1,  note  that  the  features  of  these  aircraft  will  have  different  visibilities 
upon  viewing  distance  due  to  the  visual  filtering  characteristics  of  the  observer. 

implications  of  contrast  sensitivity  on  target  visibility,  detection  range  and  workload 
will  be  discussed. 

PRESENT  VISUAL  STANDARDS:  VISUAL  ACUITY 

The  first  visual  capability  relevant  to  target  acquisition  is  good  optical  quality; 
to  have  an  in-focus  image  at  the  back  of  the  retina.  This  capability  of  vision,  by  far 
the  main  criterion  of  all  present  visual  standards,  generally  uses  acuity  measures  to 
determine  the  optical  quality  of  the  retinal  image.  High  contrast  optotypes  are  typically 
used  to  measure  visual  acuity  usually  in  terms  of  resolution  of  gaps  in  Landolt  rings,  the 
orientation  of  letter  E's  or  the  legibility  of  Snellen-type  alphanumeric  characters.  The 
basis  for  these  tests  is  retinal  sampling:  intercone  spacing  of  the  retina  limits  visual 
acuity.  These  anatomical  considerations  lead  to  the  notion  that  the  retina,  having  an  in¬ 
focus  image,  should  be  able  to  resolve  approximately  one  minute  of  arc.  Snellen-type 
characters  are  formed  on  a  5x5  element  grid.  Snellen  line  6/6  (20/20  in  feet)  j efers  to 
the  visibility  of  the  size  of  targets  that  subtend  five  minutes  of  arc  at  a  distance  of 
6  meters,  each  target  having  stroke  widths  that  subtend  one  minute  of  arc.  Good  visual 
acuity  is  generally  defined  when  an  observer  can  perform  the  resolution  or  recognition 
task  using  the  fine  detailed  information  from  Snellen  line  6/6  to  6/12.  These  types  of 
acuity  tests  have  certain  distinct  advantages.  The  patterns  are  simple  to  make  since 


t ‘u“v  havo  'nly  'n»'  l-Kick  ,\nd  white  level.  They  are  simple  to  use,  requiring  no  expertise 
'H  the  p.irt  th''  Kimi  n  i  st  rator  and  with  certain  tests,  no  expertise  required  from  the 
siibuH-’.  TVu'-/  irc  relatively  quick  and  in  most  cases  accurate  to  generally  accepted  stan- 
iai  is.  Kurt  hr,  the  [irints  or  slides  that  are  used  are  relatively  low  in  cost.  Mistori- 

■illy,  i-'iity  neasures  have  been  successful  in  helping  refract  the  majority  of  eyes.  'J’hese 

rt  as.'us  sa  j  lost  why  Snellen-typo  acuity  measures  are  widely  accepted.  However,  even  with 
ill  thes«>  idv.intaqos,  the  distinct  disadvantage  to  these  techniques  is  their  limit  in 
V)oi:v;  able  t<,)  provide  a  measure  of  visual  quality  that  relates  to  performance  under  most 
e<ind  Lt  .  The  fundamental  assumption  of  the  acuity  measure  is  that  the  optirTtum 
a  •  O'jI  <|uality  ot  the  retina^  image  insures  optimum  visual  performance.  However,  by 
!•' !  i  a  1  f  ic»p. ,  an.  av-uity  measure  can  only  give  a  single  number  that  relates  to  limiting  per- 
:  rrr.anoo  ind  car.  address  little  about  visual  performance  up  to  that  limit.  Further  disad- 
variraoes  Incladn  the  nnns t andard i zat ion  of  conditions  under  which  acuity  measures  are 
It  iiru'd  throijpiout  the  world.  It  is  well  known  that  such  factors  as  pupil  size  and  level 
•'  illumination  can  effect  visual  acuity.  Further,  different  kinds  of  optotypes  require 
;  :  t-'i -.cit  iv  'U!^t  s  of  resolution  ability.  These  factors  make  acuity  standards  difficult 
t  i  -nM  -I  mi  intorprot.  it  is  little  wonder  that  the  operational  community  balk  at 
visk.ul  S'  minds  bast'd,  on  a  sin<ilc  number  that  can  so  drastically  effect  a  person's  career. 

P.  .  •♦■•1 1  ly ,  th,‘rc  Ills  Ix'cn  an  attempt  to  provide  standard  procedures  for  the  clinical  mea¬ 

surement  and  spoci f icat ion  of  visual  acuity  (2).  Even  before  other  visual  standards  are 
■  >ris  I  deroti ,  it  seems  as  a  minimum  that  the  Armed  Forces  should  standardize  procedures  for 
tile  neusuromerU  an<i  speci  f  ication  of  visual  acuity. 

It  should  be  remembered  that  clinical  optotypes  are  primarily  used  to  determine  the 
vq.it  cal  quality  of  an  individual  which  in  turn  is  used  to  determine  whether  corrective 
lenses  are  required  or  not.  The  optetypes  allow  simple  determination  of  whether  an  image 
is  in  or  out  of  focus.  An  out-of-focus  image  causes  the  optometrist  and  ophthalmologist 
to  attempt  to  correct  the  optical  tr.ansfer  function  of  the  visual  system.  Since  the  optical 
transfer  '"unction  of  the  visual  system  is  a  relatively  simple  linear  function,  then  the 
correction  of  any  one  point  of  that  transfer  function  will  maximize  the  correction  at  all 
the  other  points.  Thus,  the  types  of  measurements  and  specifications  for  optimizing  the 
optical  quality  of  the  eye  have  been  relatively  relaxed.  However,  those  same  relaxed  condi¬ 
tions  can  cause  certain  differences  in  final  acuity  measurements  which  could  play  havoc 
with  stucies  that  require  consistent  measures  of  visual  acuity.  Since  acuitv  measures 
were  designed  to  explicitly  relate  to  optical  quality,  provide  only  a  measure  of  limiting 
resolution  under  high  contrast  conditions,  and  are  not  standardized,  it  is  little  wonder 
that  they  do  not  relate  well  to  visual  performance  under  most  conditions. 


Fig.  4  Fourier  synthesis  of  Snellen  letters  E  and  L  in  increments  of  0.5  cpl.  The 
synthesized  filtered  images  of  the  E  and  L  are  shown  below  their  respective  letters: 
0.5,  1.0,  1.5,  2.0,  2.5,  3.0  cpl.  {from  ref.  12) 


If  on  one  hand  there  are  many  factors 
that  effect  visual  acuity,  this  is  bal¬ 
anced  on  the  other  hand  by  the  fact  that 
superior  visual  acuity  evidently  does  not 
play  an  important  factor  in  much  of  what 
we  see.  Although  this  may  seem  a  bit 
paradoxical,  our  everyday  perception  pro¬ 
vides  many  examples  that  much  of  our 
visual  processing  does  not  require  infor¬ 
mation  about  the  finest  detail  contained 
in  objects.  It  is  not  uncommcn  for  an 
optometrist  or  an  ophthalmologist  to 
find  individuals  that  have  not  reported 
visual  problems  that  require  one  or  two 
diopter  correction.  Although  we  certainly 
want  the  highest  degree  of  visual  quality 
for  the  pilot  performing  target  acquisi¬ 
tion,  since  initial  detection  is  of  prime 
importance  for  successful  combat,  we 
should  also  be  aware  that  it  is  only  one 
facet  of  visual  perception  that  must  be 
considered  and  other  factors  such  as 
sensitivity  to  larger  objects  having 
lower  contrast  are  more  relevant  for 
most  viewing  conditions. 

Another  important  factor  relevant  to 
optical  standards  is  whether  or  not  optical 
aids  can  be  used  in  the  combat  environment. 
Although  one  would  argue  for  dissimilar 
optical  quality  between  an  observer 
having  20/20  with  or  without  corrective 
lenses,  (excluding  of  course  large  mag¬ 
nification  changes)  there  are  distinct 
disadvantages  to  wearing  certain  optical 
aids  in  the  operational  environment  (3). 
Standard  eyeglasses,  for  example,  will 
become  quite  heavy  under  the  high  Gs 
reached  in  air-to-air  combat,  they  are 
also  subjected  to  lint,  haze,  glare, 
slippage,  and  sweat,  not  to  mention 
possible  loss  that  can  interfere  with 
performance.  Further,  the  frames  of 
conventional  glasses  obscure  targets 
at  certain  visual  angles.  The  use  of 
contact  lenses  is  also  prohibitive  for 
similar  kinds  of  reasons.  An  additional 
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Fig.  5  Contrast  sensitivity  for  the  detection 
and  identification  of  at  least  50%  of  the  Snel¬ 
len  letters  on  each  line  of  a  typical  Snellen 
chart.  The  contrast  sensitivity  is  the  reci¬ 
procal  of  the  threshold  contrast  needed  for 
detection  and  identif ication  of  the  letters. 

The  spatial  frequency  (f)  is  the  fundamental 
spatial  frequency  or  1  cpl  for  the  letters  on 
each  Snellen  line  {f=60/size  of  letter).  The 
Snellen  line  number  is  given  in  meters.  Snel¬ 
len  lines  6/60  and  6/6  are  similar  to  20/200 
and  20/20.  These  contrast  sensitivity  values 
will  change  somewhat  due  to  field  size  and 
average  luminance  and  should  not  be  tilcen  as 
absolutes,  (from  ref.  12) 


negative  factor  of  contact  lenses  is  of  course  the  possible  presence  of  dirt  or  other 
substances  beneEith  the  lense  causing  irritation.  However,  with  a  more  optimum  design  of 
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Fig.  6  Contrast  sensitivity  for  the  detection  and  identification  of  Snellen  letters 
shown  in  Figure  5  replotted  using  log-linear  axis.  Regression  lines  drawn  through 
the  data  points  are  extrapolated  to  the  x-axis.  The  two  different  lines  through  the 
detection  data  exclude  and  include  the  first  three  data  points  at  pea)L  sensitivity 
respectively.  The  similarity  of  these  detection  results  suggest  that  the  data  obtained 
after  peak  sensitivity  will  give  reasonable  results  relatively  independent  of  changes 
in  peak  sensitivity.  The  spatial  frequency  bandwidth  required  to  go  from  detecting  to 
identifying  these  letters  is  56/23=2.4  cycles  per  letter  width.  (from  ref.  12) 


c^'orrtH't  i  VO  lenso.s,  if  is  f>ossiblo  that  the 
problonts  assoi*  i  a  tovj  with  [>r€»scnt  classes 
cMH  b<.’  oliminatoii  oi'  at  least  minimized. 
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Tr.  summary,  the  t>ptical  quality  is 
tht‘  first  import  vint  step  that  one  must 
^ioal  with  in  optimizing  visual  target 
av-qu  1  s  1 1  1  on  .  Present  visual  standards 
sh  ’uKi  I'o  liit'tatod  by  the  importance  of 
init  lal  tviraet  ac(^uisitian  in  combat, 
fiijs,  '.•isual  standards  in  terms  of  opti- 
•a;  aiiility  should  bo  as  high  as  possible, 
t  ikir.  :  ill  oth*.‘r  performance  factors  into 
uoMs  1  !*■  r‘  i  t  1  'in  .  P  i  n.j  1  ly  ,  stamlardi  zed 
i  r  '•oiates  for  nc.isurinv?  and  spe('ifying 
■'isual  u'uity  should  br*  I'reated.  However, 
t  a-.‘  oro-ati''!!  '>f  an  in-foeused  optical 
i'",,!;.'  IS  bat  the  first  stage  of  vision 
arid  tin-  lU'Xt  st  up*  'if  visual  processing 
which,  ir'als  with  actual  deti'ction  an<l 
a  her  i  cep t  im  1  proc('Sses  must  be 
ocnsidofed.  '"Ills  next  stage  de.rls 
with  s"nsitivity  of  the  phys i' •  1 og ica I 
retina-brain  system  that  uses  > he 
'  ptical  image  ertnated  at  the  back  of 
t  h-c  retina  for  subsoguent  tar(4et  ac<pn - 
s 1 1 1  on . 


rRCn>OSi;[)  VISUAL  standards:  contrast 
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Over  the  past  lecade,  an  alternative 
method  of  testing  vision  has  come  into 
use  in  both  the  scientific  and  clinical 
communities  that  measures  visual  sensi¬ 
tivity  using  targets  called  sine-wave 
gratings  that  are  specified  in  terms  of 
two  variables:  spatial  frequency  and 
contrast.  Schade  (4)  pioneered  the  use 
of  spjatial  frequency  and  contrast  as  a 
means  of  assessing  spatial  vision.  Since 
then,  a  number  of  significant  contribu¬ 
tions  have  been  made  by  other  researchers 
--DeLange  (3);  Lowry  and  DePalma  (6); 
Wesihiemer  (7);  Kelly  (8);  Robson  (9); 
Campbell  and  Green  (lO)--that  have  led 
to  present  methods  for  measuring  contrast 
sensitivity.  A  sine-wave  grating  is  a 
repeated  sequence  of  light  and  dark  bars 
whose  luminance  [profile  varies  sinusoidally 
about  j  moan  luminance  with  distance.  The 
width  cf  one  light  and  one  dark  bar  of  a 
grating  is  mo  c'ycle,  or  the  period  of  the 
ir.iting.  Tlie  reciprocal  of  the  period  is 
the  Sf^atiul  freguon'.’y.  Spatial  frequency 
IS  f.'xpressod  by  the  number  of  cycles  of 
thi*  grating  that  occur  over  a  particular 
distance.  The  spatial  frequency  of  an 
obioct  •an  bo  expressed  by  cycles  per 
ilvier:*.  ((.TPj  dimension  or,  more  commonly, 
by  cycles  per  unit  of  visual  angle.  The 
numt^er  of  cycles  per  object  dimension  is 
called  normalized  spatial  frequency.  It 
IS  determined  by  the  size  of  the  particular 
iinension  of  some  part  of  the  entire  object 
and  IS  independent  of  viewing  distance. 
Cycl<‘s  i-<er  unit  of  visual  angle,  more  com¬ 
monly  called  cycles  per  degree  (cpd) ,  is 
determined  by  the  viewing  distance.  The 
luminance  difference  of  the  light  and  dark 
bars  determines  tfic  contrast  of  the  grating. 
The  Michelson  definition  of  contr<ast  is 
most  often  used: 

L  L  . 

_  max _ 2 

^  ■  L  L  , 

max  +  min 


Fig.  7  The  contrast  sensitivity  functions  of 
each  eye  from  a  patient  having  multiple  sclero¬ 
sis.  This  patient  complained  about  the  poor 
quality  in  the  left  eye  ever,  after  it  was  tested 
to  have  normal  Snellen  acuity.  The  complaint 
was  real  as  evidenced  by  the  difference  in 
contrast  sensitivity  between  the  eyes  shown  in 
the  upper  and  lower  (the  visiogram)  curves. 

This  dramatically  shows  the  poor  ability  of 
Snellen-type  measures  to  determine  the  general 
quality  of  spatial  vision.  (from  ref.  12) 
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Fig.  8  Average  threshold  contrast  to  detect 
disks  and  sine  and  square-wave  gratings  is 
shown  by  the  solid  line.  The  dashed  lines 
are  90  percent  population  limits.  See  text 
for  explanation  (after  ref.  20) 


where  and  maximum 

and  minimum  luminances  of  the  bars  of  the 
grating.  Kxamples  of  sine-wave  gratings 
having  low,  metlium,  and  high  spatial 


frequencies  at  low  and  high  contrast  are 
shown  in  Figure  1.  The  luminance  distri¬ 
bution  for  each  grating  is  shown  below  each 
grating  patch. 

If  the  contrast  of  a  grating  is 
increased  from  below  its  visibility  to 
where  the  grating  is  just  seen,  then  the 
grating  is  said  to  have  reached  threshold 
contrast.  The  reciprocal  of  the  threshold 
contrast  is  called  contrast  sensitivity. 

Gratings  of  different  spatial  frequencies 
reejuire  different  amounts  of  contrast  to 
roacJi  threshold  for  the  observer.  In  a 
tyt-ucal  measurement  session  for  contrast 
sensitivity,  a  subject  adjusts  the  con¬ 
trast  of  a  sine-wave  grating  until  the 
liars  are  just  at  the  threshold  of  visi¬ 
bility.  Measurements  are  repeated  for  a 
r.uinber  of  bar  widths  (spatial  frequencies). 

"’ho  reciprocal  of  contrast  threshold  is 

tied,  as  a  function  of  spatial  frequency 
to  create  a  contrast  sensitivity  function. 

A  typic.^1  contrast  sensitivity  function 
is  sh  'wn  ir.  Fiuure  2.  The  broad,  inverted 
r-shej  *?d  curve  describes  the  visual  "win¬ 
dow"  which  limits  the  ran<ie  of  size  of 
obiei.'ts  (hat  can  bo  .seen  under  conditions 
C'f  threshold  contrast.  The  area  above 
the  curve  is  the  reuion  cd'  low  contrast 
where  the  visual  system  does  not  see 
obiects  as  it  i h^'low  threshold.  Note 
that  the  visual  &yst«,‘n  is  most  sensitive 
to  sino-wave  gratings  at  about  cpd 
depending  ujn.in  experimental  conditions. 

Sensitivity  'lecreasos  for  spatial  frequencies  above  and  below  peak  sensitivity.  As  with 
auditory  processing  of  temporal  frequencies,  only  a  limited  range  of  spatial  information 
can  be  passed  by  the  visual  system.  The  physiological  limit  is  about  60  cpd  which  depends 
upon  viewing  conditions.  There  are  axso  techniques  for  obtaining  suprathreshold  contrast 
functions  but  that  discussion  is  beyond  the  scope  of  this  paper.  The  more  narrow  curves 
shown  within  the  contrast  sensitivity  function  represent  relatively  narrow  bandwidth 
mcchan isms  called  "channels"  that  make  up  the  overall  contrast  sensitivity  function. 

Those  channels  'ire  sugt^estod  to  play  a  major  role  in  "filtering"  relevant  target  informa¬ 
tion  such  as  contrast,  size,  and  basic  form  (11,  12).  Evidence  for  these  channels  and 
their  relationship  to  visual  perception  is  also  beyond  the  scope  of  this  paper.  However, 
references  12  and  13  are  suggested  for  the  interested  reader. 

There  are  throe  general  tcchni<|ues  currently  used  to  measure  contrast  sensitivity 
to  gratings:  electronic  generation  for  TV  displays  (10),  film  (12),  and  photographic 
plates  (14).  The  TV  displays  provide  the  .uost  accurate  measurements;  however,  high  levels 
of  expertise  in  electronics,  display  technology,  and/or  computer  hardware  and  software 
are  required  for  best  results.  Gratings  created  on  film  can  be  imaged  by  standard  pro¬ 
jection  techniques  and  their  ermfrast  can  bo  controlled  by  polarizers  (12) .  The  major 
re'.juirement  of  this  afjproach  is  being  able  to  create  high-quality  sinusoidal  gratings  and 
other  targets  on  film.  Unfortunately,  the  precise  alignment  of  the  optical  components 
makes  portability  difficult  wif.hout  realignment.  The  third  technique  that  uses  photo>;rap.*n  v 
plates  also  has  problems  of  p(M>r  rf*product  ion  f)f  gratings  and  large  operator  biases.  Vari¬ 
ations  of  these  three  techniques  vire  being  used  and  improved  in  the  Aviation  Vision  Labora¬ 
tory.  In  particular,  research  is  on-<joing  to  create  portable  devices  for  measuring 
contrast  sensitivity. 

The  importance  of  contrast  in  enabling  one  to  see  various  spatial  information  in 
objects  c’annot  be  stressed  too  much.  The  loss  of  spatial  informat  in  objects  as 
r(?du('od  is  demonstrated  by  the  F-IG  aircraft  shown  in  Fi(mro  3.  Various  details  ab'.uit 
the  aircraft,  such  as  the  wing-tip  missiles,  are  selectively  lost  as  the  contrast  is 
re  iiif’,.,]  from  100  percent  to  about  6  percent.  At  the  lowest  levels  contiast,  only  a 
^•1  bir- 1  j  kt’  shape  remain.s.  This  series  of  pictures  depict  the  amount  visible  detail 
Mvb  -oulrl  be  expected  to  be  seen  as  a  target  flies  into  haze  or  clouds. 

'rheif’  ire  two  main  attributes  of  the  contrast  sensitivity  test.  First,  since  con- 
*r  eo  IS  depth  of  modulation  of  the  cjrating  about  an  average  luminance,  the  average 

1  1  :ht  Ifvel  IS  kept  constant  resulting  in  a  constant  stale  of  retinal  adaptation.  This 
:i‘'.itly  rrduees  rw  n  1  i  nea  r  i  t  i  es  in  rnoasuring  contrast  sensitivity  due  to  the  eye  being  at 
iifferc-nt  St  jgt.'s  >>(  adaptation.  It  has  been  shown  that  the  contrast  threshrUi  (15),  aiivl 

m, <  re  r'-'^f'ntly  certain  aspects  of  perceived  suprathreshold  contrast  tl6,  17)  are  approxi- 

n,  1  f  e  1  y  1  im'ar.  A  high  doi^reo  of  linearity  of  proccssimi  spatial  infnrmat  ion  al  Ir^ws  the 
US'-  '  r  we  1  1 -gr.g  1  netl  arvi  easily  implemented  mathematical  techniques  to  exqiKiin  how  (^l:)iects 
ire  see:^.,  whcToas  nonlinear  processing  greatly  increases  analytical  comjilexity.  S(H*ond, 

s  1  r  :U  se  1 '1,1 1  gratings  are  linear  ba:-?is  functions.  This  means,  in  mat  homat  i  ('a  1  ti>rms,  the 
single  Sine-wave  gratin<t  is  a  very  simple  stimulus.  It  is  one-d  imens  i  ona  1  and  c'oniains 
'■;:n  f  rf’iufucy .  f's  i  rig  r'>i}i  iar  techniques,  any  complex  <»bject  can  be  broken  d<wii  or  built 
IT'  ?  rop-;  a  oeipib  )  riat  inn  <)f  spatial  f  r^'fpienc:  i  es  having  different  amp  1  1 1  aiul  or  i  eiU  1 1  i  ons  . 
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Fig.  9  The  contrast  sensitivity  functK’Us  of 
three  pilots.  Although  pilots  CD  and  MR  have 
normal  Snellen  acuity  (shown  to  the  right  of 
their  initials),  significant  differences  in 
thei"'  contrast  sensitivity  below  about  7  cpd 
are  found.  These  differences  may  have  impor¬ 
tant  consequences  for  task  performance,  as 
discussed  in  the  text.  (from  ref.  22) 
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ji.-;*  rit'ns  i  1 1 V  j.  ty  t'..-  s  in«.'-wavo  <.:rvit  iiiqs  ,  Jot.fv’i.i 

•roft  siihoucttos  for  two  subiocts  hiviou  20  '00  ar; 
th‘’ir  q  lasso.'  and  orio  sub]<?ct.  havin.:  ri-aatial  (unai 
X*  r-')!'  I ‘xi '  I  ana !  i  on  !  roni  rof  .  23) 


Sal  *  :)’  siai'ial  i  n  f  orina  t  it.Ti  i.ri  hioh  c'Y)i-,t  rast  *  >pt  - 't  y; -^.'s  a  ..ur.  i  ii'jot.  ^a’l  bt- 
f'"  -orb  i  na  ♦  3  of  sjn';l»'  urafinis,  as  will  b.-  show:;  la‘t:  j-.  l  :  .’orTti:; 

i!‘-  i:--a';a,'d  that  arc  boY'ond  t  ho  sropo  of  this  t  *  ho  .  .r,  t  r ,  j  s  t. 

la,,  wh.iab  roi.rosent  s  t  h‘>  aonpral  filt.erini  '-hara- -lom  s  I  i  cs  o‘  t  la.'  visual 
ra-v.-fv<‘  ?ra'  Urts,  <'an  b.*  usod  to  doto'rniino  t  h<'  v  i  s  i  L<  i  1  i  t  y  'vf  .oiv  aomplox 
"  W' ■-  1 1  tTW'fis  1  ona  1  filtor  oha  r.ictca:  ist  ics  of  tin'  visual  system  can  also  bo 
■  a  'on-b  1  nat.  i'.jn  ot  contr.ist  sensitivity  functions  of  o:ii,--d  imens  i  atia  1  '.jratinus 
f  a  naiT'bor  of  orientations;  for  example,  at  anales  f  45,  90,  and  1.15  ‘ioaroi's. 

r-an  also  be  used  for  predictions  of  visibility  of  obicvits  (18).  This 
/id‘v.  a  powerful,  unifying  basis  for  research  into  (.'omf)lex  laroot  acquisition 
filter  lun>.;tions  based  on  visual  data.  Moreover,  this  approai^h,  since  if 
'  lanqua-n'  used  by  enqineers,  allows  a  natural  stop  tf  he  taken  to  detoi'mine 
rial  information  presented  to  <ibservers  for  dist)iay  dosiqn  and  imaqe  quality 
ly,  t  h<.*  contrast  sensitivity  approac'h  is  becomlnq  a  more  widespread  tc?ol  amono 
ith  wlua'h  to  jjrn'rx'  vision.  Many  factors  which  affect  the  shape  of  the  c'ontrasi 
fuiu't  ion  havn*  beer.  studif*'i.  For  example,  the  effi-els  cd'  luminance,  fi'-cus, 


field  size,  [lotipheral  view,  chrfimat  i  c  i  t  y ,  and  others  have  been  me<ir;ured  (20).  Thus, 
niurh  is  known  about  the  aoneral  behavior  of  contrast  sensitivity  functions  under  opera¬ 
tionally  rclov.ant  conditions.  Basin*}  visual  metrics  oi.  those  technitjuc's  will  allow  ouick 
intopratiem  of  kn<'wlt?duo  in  currotiL  science  into  applimi  areas. 

Althou'ih  contrast  st'ns  1 1  i  v  i  t  y  appears  to  provide  a  more  cofn|>lete  moa  su  ronu-n  t  of 
spatial  vision  than  acuity  measures,  unless  the  filter  characteristics  can  be  used  to 
relate  visual  <-apabilitv  to  visual  performance  such  as  taruet  acquisition,  then  its 
iMiw*'!'  will  he  limitokl.  What  is  miedt-'d  is  a  re  Ki  t  ionsh  ip  betweren  contrast  sen.  s  i  t  i ’/ 1  f.' 
and.  t'n-'  visibility  --'i  complex  objects.  That  relationship  is  f)resento(i  next. 

A  T'-ner,ii  r  a- 1  i  -  i  onsiii  p  betwo.'n  <'onti-a.st.  sensitivity  and  the  visibility  of  Snellen 
b  iiar:  oecn  i*  > » «_■  rni  i  ned  (12).  it  is  pointed  out  Lh.jt  Snellen  betters  represent  a  set 

e'.-vMb.eo  tnei  c-ompb.^  t  wo-d.  \  mens  iona  1  tarqets.  Two  pieces  of  information  were  ncedo'l  tr, 

•  St  lijiisii  thit  rc  1  at  ionsh  i  p:  the  minimum  number  of  spatial  frequencies  and  the  Kinirnun 
ccr.f  r  .:o  required  for  the  recoqnition  of  Snellen  letters.  The  number  of  cycles  t;ccessary 
r  a  the  riWianit  ion  of  Snellen  letters  was  determined  by  Fouri«jr  synthesis  of  a  letter 
1.  and  .1  It  tor  V. ,  in  stevis  of  0 . ‘i  cycles  per  object  (epo'  .as  shown  in  Fi-iure  4.  Those 
let  ta  rs  were  .  hasen  because  the  I',  is  more  difficult  to  resolve  than  the  letter  L.  First 
nt'tt'  that  the  enerqy  contained  in  the  fre«}UonciGS  below  1  C[)0  allows  detection  ‘-c;  occur  but 
:v  t  ror'oc;r.it  ion.  Fr.r  recoqnition  to  occur,  2.5  cycles  arc  required  for  E,  but  onLv  1.5 
av.-ios  are  roouiro*!  for  the  h.  It  should  be  clear  that  this  is  the  reason  for  the?  L 
iiein'i  reOt*qn  1  zed  at  a  'greater  distance  or  smaller  angular  subtenst?  th.m  the  ib  These 
results  su'}qest  that  a  bandwidth  (the  relevant  number  of  spatbal  fre*fucncies  for  a  parMcu- 
lar  task)  of  about  1.5  to  2.5  epo  i.s‘required  for  the  rcjcognition  of  Snellen  letters  (12, 
21).  .t  is  important  to  note  that  this  result  would  not  be  intuitively  obvious  from,  usin.; 
resolutio.i  criteria  of  visual  acuity.  For  example,  previous  attempts  to  relate  Snellen 
.icuity  to  contrast  sensitivity  did  use  the  visibility  of  stroke  width  as  criteria  for 
lecounit.in.  For  Snellen  letters,  the  stroke  width  is  one  minute  of  arc,  which  ('(puals 
.50  cpd.  That  analysi.s  su*}qests  the  recognition  of  the  Snellen  loiters  shoub!  occur  when, 
the  letter  stroke  is  visibliq  i.o.,  when  contrast  is  great  enough  to  allow  the  freijucncy 
of  10  cpd  to  reach  visual  threshold.  However,  it  is  well  known  that  L  is  more  visible 
than  an  E.  Therefore,  this  very  common  approach  used  in  much  previous  research  can  load 
to  wiong  conclusions  about  spatial  information  in  obiects  u.sed  for  t-ir<}ut  acqui  s  i  t  i  on .  Th-.'se 
results  show  that  it  is  the  two-dimensional  distribution  of  the  tar<}ot  foaturcjs  that  deter¬ 
mines  their  visibility. 

The  next  step  related  the  relevant  spatial  frequencies  required  for  recognitic^n  to 
the  contrast  sensitivity  of  the  visual  system  to  those  spatial  f  requencio.s .  That  required 
knowlecl*}e  about  the  minimum  level  of  contrast  (contrast  threshold)  for  the  detection  and 
recognition  of  letters  subtended  at  the  different  visual  angles  that  correspond  to  the 
different  qize  letters  for  each  Snellen  line.  Those  results,  using  typical  SneLlc’n  letters, 
are  shown  in  Figure  5.  For  large  Snellen  letters,  note  that  detection  and  recognition 
thresholds  arc  very  similar.  The  everyday  experience  of  this  is  a  person  or  an  object 
aiq.'pnring  suddenly  out  of  fog  at  close  r.inge  or  a  pilot  flying  through  smoko,  haze,  etc. 
iiowt'ver,  for  small  Snellen  letters,  there  is  a  large  difference  between  the  detection  and 
rccounitLon.  The  smallest  letters  used,  Snellen  line  6/5,  requires  a  factor  of  about  4 
t*  5  in  contrast  from  detection  to  recognition.  Wo  have  all  experienced  this  effect,  even 
in  conditions  of  good  visibility,  when  wo  delect  an  object  easily  but  find  we  must  get. 

Vfry  imich  closer  f>  r  correct  recognition.  A  more  relevant  example  is  a  pilot  who  detects 

1  Ti  t  .It  20  miles  but  Irav'els  10  milo.3  before  correct  recegnition  occurs. 

Another  way  to  loo^  at  the  fiinhng  that  certain  largo  object.s  can  be  rccogni/ed  .is 

.soon  as  fhey  arc  detc’ctod  under  low  contrast  <*ond  i  t  K.nis  Is  in  tens  of  the  bandwidth  k.'i 

./  I'n  per  '’bj('ct  .necessary  for  th’.s  task.  Larq-.'  Snellen  letters  whose  overall  size  i  .s 
50  mn\uf.‘.ei  (‘j  ot  arc  have  a  fundamental  fr*‘quency  of  fine  cycle  per  do<iree.  Th*'  1."  t'' 

2.5  •  yell.'S  pec  Iftter  nec('ssary  ('•.'•r  recoqnition  occur  at  sp.atial  frequencio'S  from  .ibiuif 
;  . t  2.5  cpd.  The  typical  cc^ntrast  sensitivity  function  Fi-juro  2,  shows  that  those 
=M  i  iil  t  r*-'  .»re  all  at  or  tio-ir  peak  visual  sensitivity.  When  the  relevant  fre- 

os  T'  pnr‘'d  f*>r  <lct(v.-t.  i  on  leach  thre.shold  near  peak  sensitivity,  the  .S|.)alial 
t  1  •  ‘  nien' -y  '•<  unp.  >n«vn  t.  s  in  th’-  '  imlwitltli  ro'iuired  for  rcco*}n  i  t  ion  ,  having  stiatlal  f  requern.*  i  • 

::  *'•  2.5  ‘;t.'>d ,  are  .also  .-'e. aching  thr*-‘.shold  .at  about  *‘ho  same  time.  Thus,  i-hc*  si'.ci.i] 

1  • f'->r  i«  ■  t  •  t  i  *  ,«n  and  r*'co,j;i  i  t  i  on  of  thes*-  t.-uonq  s  ro..-ic'li  threshold  aLtw-t 
-c  in-'isiv.  H-.w*v*T,  note  Uiit  a  Ictt.or  oji  ;qu'll--n  litv-  !ias  i  SL.;e  -.d  fiv*.'  i  nu  *.  ..'S, 

'  r  r  ■  :q f;  :  1  r’u  *«.  a  (uniamontal  fro*tuency  ot  12  c|.>d .  The  1.5  {■<>  2.5  ryctes  ffir  tins  Iet».M 
r  f.'.sp' r  ,  1-^  re  'n  c{k1.  Tiius  detecting  at  <‘<r  below  12  cp.j  now  tOMpiiro.';  4  tc'  5  i  imos 
M  >st  i:  'rd'-r  ’  'jct  i  h*‘  spati.il  fretiuencies  from  IR  to  10  cpd  .al.u'v*.*  thr-'shf'ld 

va  »  w  ’'Vi  •  •••  'll  .  \\  should  ho‘  ivUed  that  ('r-rlain  laraiels  c..iii  i><.'  cre.ite'i  sucli 

‘  d  i.*‘-aor,  tni  r -•••<•  i  :•  i  ?  i '  in  '-.in  •>eour  s  i  mu  1  t  an*  •• -lus  1  y  at  any  *.1  i  .s  I,  a  iu-*“  (12). 

i^-auji'-d  t-'T  r '.'f'*  in  i  t  i . '.n  of  .Snellen  h'ttcrs  <iot*‘'rnu  ni'vi  f  ron'.  ‘die 
:  i  ''  'e‘*-  !'  uea*  1  .  ■>  I  •'i  2.5  I'yclon  pvi  loiter  ('.in  also  bo  dot  *o'nn  n*‘d  Fin-.'e'iy 

‘  '■  *  5r  •  '  ;  :  *  B'.'  '•'[  ]''ttinq  Figurc  5  in  forris  •I  log  i.-cntrasl  s*.-ns  1 1.  i  v  i  ty  ^•ei..,Lis  1  i  ikm  i 

'a  i‘  1  i)  in  l-'iquio  6,  note  th.it,  Mic  re- jr*  i  f.>n  lines  pr-avidi'  the  '  ■  .a  ndw  i  d.  t  t, 

lae  ;  <  1  i,  t  i .  .■•  , j  r .  >q  n  i »  i  <  Ui .  !>c*peni  1  i  n- 1  iq  *  ai  t  h**  p  u  f  i  *'u  1  .i  r  spa  t  i  a  !  1 1  *  ■■  pi<  'nev  ■  i '. 

v.'d t  ;e|.  *  *l:--  -••:3*i  ,  :  SI ‘MS  1  t  i  V  i  t  y  •-•<'nurs.  the  bandw .  It  h  is  ats'iut  .'.4  cvv-les 

t  j  s  t  h*.-  c.ai'  1  i  o r  t  i  1  t  ■  •  i  i  nu  t  ■  *5: ;j )  {  s  ,  .f  t  p, Kq  t  e  r  s  .  i’u  i  t  in.'  i  , 

^  !v  •■  '■•  ■'!>  '  i :  ;  a  •  1  :<  •  .  1  nui*  • .  , .  ‘  p.u'ad  i  qm  w  1  t  p  wli  i  eh  f.  »  de  I  *  ■  i  niui*'  t  he  j  e  !  ewt  n  t  :  a  ndw  1 . 1 1  i  i 

■’  u  1  •  i  i  i  ■  •  ■  ;  S'  a  y  ;  •  t  a  !’m  »  ,  ■  -  n  in  m;  t  i  t  n  a  *  j  .;ti  de !  e>  -  t  i  r  n;  t  ■  •  -  •  1  a  ss  1  t  i  ea  t  u  ui  ,  leei'uni- 

r  i  1  •  ••.  .  I  :id  d  1  -  I  !  •'•.  I  ti  •  ‘  i  ■  :  .  *•>  t  .  •  I  P.  1  f  !  h*  •  r  •  •  1 1  •' s s  1  •. ai  1  1  !••  •  t  h  i  f  1  •  xe  1  1  id>  ■  r. 

■  S'  ;  I  ■  t  .  • ;  •  •••!••:'.  l  s  1  r  I  -  •  1  f  -  J.  t  p,  1 1  1  I  1  'l  . p  u  f  i  e  >,•  .  <  1  it  5  s  i  , 
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sensitive  neasure  of  an  individual's  limit  of  visual  acuity.  Thus  the  basic  data 
required  to  make  predictions  of  Snellen  acuity  from  contrast  sensitivity  measurements 
have  been  obtained:  the  amount  of  contrast  and  the  relevant  spatial  frequencies  of  these 
objects  necessary  for  recoynition.  Validation  studies  of  this  approach  have  been  conducted. 
Hiqhly  unusual  contrast  sensitivity  functions  from  patients  havinq  amblyopia  (a  dimness  of 
vision  that  cannot  be  corrected  by  optical  means)  and  multiple  sclerosis  (a  nc . ro loq: ca 1 
disorder  that  affects  vision)  were  determined  and  used  to  test  the  predictive  power  of  this 
approach.  In  sum,  based  upon  the  contrast  sensitivity  of  individuals  havinq  those  visual 
disorders,  the  Snellen  acuity  of  17  to  22  eyes  could  be  predicted  within  one  Snellen  line, 
the  other  S  eyes  predictable  within  tv  a  Snellen  lines  (12,22).  Thu.s  these  data  suqqest  that 
the  contrast  sensitivity  function  can  be  viewed  as  a  filter  that  can  predict  the  visibility 
of  complex  tarqets. 

One  robust  future  of  this  research  is  that  the  contrast  sensitivity  function  can  pre¬ 
dict  poor  visibility  of  certain  patients  when  Snellen  acuity  predicted  normal  vision.  For 
example,  the  contrast  sensitivity  function  shown  in  Fiqure  7  is  from  a  patient  havinq 
T.\:ltiplc  sclerosis  (MS)  who  complained  about  the  quality  of  vision  in  one  eye  compared  to 
the  other.  This  patient,  usinq  Snellen  acuity,  was  measured  as  havinq  normal  or  6/0  vision. 
Slowever,  the  contrast  sensitivity  between  the  two  eyes  is  about  a  factor  of  4  over  almost  a 
factor  of  10  ranqe  of  spatial  frequency.  Why  is  Snellen  acuity  not  measurinq  this  obvious 
difference  in  sensitivity  between  the  eyes?  The  answer  comes  from  the  previous  discussions. 
It  was  shown  that  6/6  vision  needs  a  certain  amount  of  contrast  sensitivity  from  about  18 
to  30  cpd.  A  closer  examination  of  the  contrast  sensitivity  function  of  this  patient  havinq 
MS  shows  sufficien'.  contrast  in  both  eyes  over  the  ranqe  of  spatial  frequencies  required  for 
^•'6  acuity.  This  result  shows  that  Snellen  acuity  is  not  measurinq  sensitivity  to  '-•bviously 
important  ranges  of  object  size  less  than  about  18  cpd  because  the  Snellen  letters  have  only 
ne  level  of  hitjh  contrast.  Similar  results  showinq  the  inadequacy  of  Snellen  acuity  have 
:3lso  been  found  by  others  (2,2).  The  message  is  clear.  Snellen  acuity  is  not  measui,  inq 
the  dc'irec  of  visibility  of  objects  over  larqe  range  of  sizes  because  it  does  not  take  into 
account  visual  sensitivity  to  contrast.  The  auditory  equivalent  to  Snellen  acuity  is  to 
use  only  one  high  level  of  loudness  for  all  sound  frequencies  tested.  The  sensitivity  to 
sound  would  be  measured  from  only  I2khz  to  20khz,  excluding  very  important  s(?nsiti''ity  to 
sound  frequencies  from  60khz  to  12khz.  Limited  measurement-  in  vision  should  n<jt.  be  accepted 
any  more  than  limited  measurement  is  accepted  in  audition. 

The  reason  i.hat  Snellet\  acuity  and  other  t.ypes  of  resolution  criteria  have  been 
r'-asoriaLU  y  succ'essiul  in  bf>th  the  measurement  and  correction  of  spatial  vision  is  undor- 
.standablo.  As  fu'C'/iousiy  pointed  out,  Snellen  acuity  can  bo  used  successfully  for 
refraction  because  *  he  vast  majority  of  visual  problems  are  optb  a'  in  oriqi.-i.  Since  the 
transfer  function  of  an  optical  system  is,  in  general,  well  behav*..i,  the  mca su reinon t  of  ''r;-' 
point  '--an  l>e  usiul  tr.  determine  th'j  performance  over  a  large  range  of  other  p-  jints.  Idsin  j  i 
Ions  to  torrot.-t  one  point  for  Snellen  acuity  will,  in  general,  increase  the  visiLiility  of 
obp.'cts  :it  all  the  other  points.  However,  if  there  are  physiological  <U  f  forenci.-s  in 
sitnsi  t  ivi.  ty  rjr  a  visual  deficiency  is  neurological  and/or  visual  conditions  are  .sj  ’h 
that  th"  nituisurod  rcsolut.  i  n  limit  is  not  being  u.sod  and  in  observer  is  fi^rced  to  use  low>r 
spi’-i  il  rr.-quencies  and  c-  .tiast,  then  visual  (|uality  cannot  be  detcu'mined  by  resduti  .ui 
c-  alone.  That  is  why  certain  patients  complain  vibout  poor  visual  quality  thit  :n 

te.^t'.'i  nnrmil  usinj  Snellen  acuity. 

'  s:  smt i vrrv  asp  tahoPt  ac/ijisitiom 

l  *■  has  I;-*.;.;,  shown  that  Stvrllen  acuity  does  not  measure  visual  sensi'ivi^v  .o.’,  r.  •  .* 

•ovl.  This  that  th»-  rojalivo  visual  sensitivity  betwocu  pilot??  '.r  oMv.-r  i  :■ 

*  .  I'dii  -'jd  contrast  taroots  whofio  size  is  larger  than  about  1.  1’  is  not  kiv'wn.  d  a  il 

d.'Ob'n  ,io:i;'y  me-ins  thaf  taraets  whose  size  is  larger  than  3.1'  can  b'-  st'-.--;  ,)•  n-.  :h 

:  r  n.  r  nc-'.  t .  Ih'Wcvcr,  any  <''>nditions  th.a*  reduce  target  contrast  to  the  pilot  :  :  :•  , 

,  -v  "-c  -i  la  'k  :  I  •  .and  <  t  r  a  .s  r  ,  a  t  jtiosp'he  r  i  c  and  wii.dscroen  haze,  smoke,  cloni,-.,  i-o  ;; 

•■■r'  !in  ' 'll- ;  oa  !  r- ,  foU'-.-  visj<')n  t(j  usi'  !owc-r  s  >.q:  Lai  froquencit'S  t '•  which  ’.-isnii  ■  • 

;  •  tic-nc  :'’‘-aHar(al  using  ■:urr«'“nt  vision  test*?  .Uid  thus  is  n-a  known.  A  i  o 

a;*.o:,  -  ;  r-c  f  >r  disi.!-*-/  -  g i  .i  t  cu'S  ,  photo]  nt  err-reters  ,  x-ray  dia-nnjStioi  m.-,  e;:  c..' 

’■  hr'  ! ‘  ir  “^1  Mi”  i  vjsui)  tasks  -ire  pe’rtorme-.!  under  similar  r-aluc.'i  ec.':  ec 
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1,'onstant  ,  the  Sr^ine  size  tarqet  2 .  1 'll  times  fiirtlier  ,  nr  a  target  2.10  times  smallf'r  at 
the  same  distance^,  than  that  of  a  loss  sensitive  In  particular,  the  more  sensitive 

can  see  a  low  c'or^trast  tarejot  at  7  cpd  when  a  less  sensitive  person  can  see  the  same  tarqet 
at  2  -I'd  and  oannot  see  similar  contivist  tarqets  smaller  than  2  cpd.  In  terms  of  tarqet 
size,  this  moans  that  a  less  sensitive  [)ers*)n  is  just  seeinq  a  30'  size  tarqet  wbroi  a  more 
son.sitivo  person  is  seeinq  an  B.G'  tarqiet,  3.5  times  smaller  in  size.  The  more  sensitive- 
person  will  SCO  .1  30'  size  tarqet  3 ,  !:>  times  further  (or  more  easily,  i.e.,  hiqher  siqnal- 
to  noise  ratio  in  case  of  photo  interpreter s  and  display  observers)  than  that  of  a  less 
sensitive  person.  Indeed,  the  cross-hatr’hed  reqion  shows  certain  levels  of  low  contrast 
where  the  m'.ire  sensitive  person  c^in  see  tarqets  ranqimj  in  size  from  about  0.5  to  3  cpd  nr 
2^  to  7.5'  when  the  less  sensitive  fierson  cannot  see  tarqets  of  any  size.  These  are  the 
ma.ximum  differen<'os  that  can  bo  postulated  from  this  study.  The  difference  in  sensitivity 
d.ecro  jses  fru  hiqher  spatial  frequencies  or  smaller  tarqet  sizes.  For  example,  at  20  cpd 
or  for  a  >'  si/*.?  tarqet,  the  increased  sensitivity  results  in  increased  tarqet  size  by  a 

factor  l.b.  Those  increased  distances  of  tarqet  acejuisition  could  provide  increased  time 
for  a  pilot  to  use  to  optimize  tactics  and  other  combat  related  tasks,  and  thus  can  help 
reduce  work  load . 

The  precedinc?  analysis  suqqests  that  there  are  important  differences  between  visual 
observers  that  have  different  contrast  sensitivities  that  have  direct  implications  for  the 
selec'tion  ''f  pilots  and  others  whose  visual  ability  are  important  for  task  performance. 

7t  would  seem  that  observers  havinq  increased  contrast  sensitivity  will  be  capable  of 
acquirinq  tarqets  further  away  than  less  sensitive  observers  under  certain  circumstances. 
Furthermore,  this  analysis  may  prov.-de  a  basis  for  understanding  and  quantifying  the  quite 
cr<mmon  anecdotal  comments  about  superior  visual  performance  of  "air  aces."  It  is  important 
to  note  that  the  conservative  difference  of  a  factor  of  2.5  in  contrast  sensitivity  between 
n  high  sensitive  individual  and  low  sensitive  individual  has  definite  implications  for 
tarf.jct  visibility.  For  example,  as  previously  mentioned,  only  a  factor  of  1.5  to  2.0 
increase  ir,  contrast  is  needed  to  qo  from  chance  detection  to  almost  certain  detection. 

This  means  that,  when  all  other  fractors  are  held  constant,  the  high  sensitive  observer  is 
certciin  that,  a  target  is  detected  whe^n  the  low  sensitive  observer  may  still  be  guessing. 
Firther,  tliurc  is  about  a  factor  of  2,5  between  the  contrast  of  the  lightest  and  darkest 
features  of  the  F-16  aircraft  in  Fig  3c  and  that  of  Fig  3e.  Therefore,  there  will  be 
coni-litions  where  a  high  sensitive  observer  may  bo  able  to  identify  the  aircraft  and  know 
in  what  direction  it  is  headed  when  the  low  sensitive  observer  is  only  able  to  see  a 
;  1  q<ii- shaped  object.  Clearly,  these  differences  in  visual  capability  are  very  important 
in  today's  combat  environment  when  split-second  decisions  mean  the  difference  between 
success  cr  failure  of  a  mission. 

The  next  stage  in  this  research  has  been  to  investigate  the  degree  of  variability  in 
.-.ntrast  sensitivity  among  Air  Force  populations.  Only  small  population  studies  have  been 
'  btainod  to  date.  however,  interesting  individual  diff€^rences  have  been  revealed.  For 
vxamph^,  tlu?  contrast  sensitivity  functions  shown  in  Figure  9  are  from  three  pilots  (22). 
Alth'iuqh  each  pilot  has  good  Snellen  acuity,  there  are  significant  differences  in  sensiti¬ 
vity  over  different  ranges  of  spatial  frequency.  Pilot  M.R.  would  be  more  sensitive  to  low 
''^vitras+-  obje  -ts  whoso  relevant  spatial  frequencies  are  higher  than  6  cpd  whereas  his 
sensi'ivitv  is  greatly  reduced  for  lower  spatial  frequencies.  Similar  results  were  found 
1 q'v.gher  f'oiq.rast  sensitivity  study  that  also  determined  the  ability  of  subjects  to 
ietoct  md  identify  targets  (23).  The  d^ita  shown  in  Figure  10  were  obtained  using  two 
subjects  huvinu  70/50  and  20/30  dnellen  acuity  without  their  glasses  and  one  subject  having 
.'..•  rrruil  Sru-ll  n  acuity,  20/20.  The  differences  in  .Snellen  acuity  between  these  subjects 
.igrc's  with  t,  h"  .1  i  f  ferences  in  contrast  sensitivity  for  spatial  frequencies  smaller  than 
io  cpd:  Fnellen  acuity  corresponds  to  decreased  contrast  sensitivity.  However, 

tc  the  lur  j-.'  .1 1  f  f  l  la.-nces  in  contrast  sensitivity  botwoon  tlio  subjects  having  20/20  and 
u'.uitv  fr't::!  h  to  16  cpd  that  are  not  predicted  from  their  Snellen  acuity.  The 
uuesrion  wh^^'t.h'jr  -c  not  those  differences  in  contrast  sensitivity  are  functional  is  answered 
:/,•  th*.Mr  -dclity  t.c.  d*.-f  ort  and  identify  Snellen  letters  and  aircraft  silhouettes  under  low 
contrast  crond 1 t ions .  In  almost  every  case,  the  subject  having  20/30  was  significantly  more 
s'-nsitiv-'  thin  tin-  subject  havinq  20/2....  The  one  notable  exception  is  the  letter  identifi- 
ati'^:.  t  as!'-  t^r  tiv  smallest  letters  where  fundamental  frequency  was  12  cpd.  The  subject 
ruc/in,'  20 ''70  wis  ir'^rr-  sensitive  than  the  subject  having  20/30.  However,  from  the  previous 
ir.ilysis,  -.}  i'.-ttor  h.iving  fundamental  frequency  nf  12  cpd  means  that  the  relevant  spatial 
f  T' •  i-i'. -nr  1  (•;;  for  1'-ttcr  i  dent  )  f  i ':a  t  ion  will  bo  abcuit  18-30  cthI,  It  would  bo  expected  that 
i  ncreinL'd  ability  f  c,  identify  .Snellen  letters  would  require  increased  contrast  sensitivity 
r^f  sine-wav*'  iriMn'/s  {nr  IH-p)  c'pd .  That  result  is  ciuito  evident  from  the  data.  The 
rnvr.r:-:-‘d  pc  r  t '  rri.inc.  •  fnr  lettci  i  dtu.  t  i  f  i  ca  t  i'ni  between  those  two  si.bjects  at  the  hiqher 
spatial  f  req  j.  ■  nc  I  ■  ■  s  is  predicted  from  tlieir  c^>ntrast  sensitivity  functions  and  from  their 
Faiellen  acuity.  rh-'refori? ,  ('f>nt.ra.st  s(?nsitivity  to  sine-wave  gratings  appear  able  to 
rela^*•  to  c'.‘r<^ain  isp^vb  s  of  farq<'t  acquisition  r.ver  the  full  range  of  target  size. 

Th'  se  l.it.i  hive  shown  that  significant  differences  can  an<1  do  exist  between  individual 
•n:,trisi  sni,s  1  t  1  v  1  t  y  fhit  dctf-rminn  the  amount  ot  contrast  necessary  for  an  individual  to 
d'-r...c  id'cif  ify  t  jr-iets  whose  size  varir*s  f>ver  .i  l-ir-je  range.  Although  these  data  re- 

1  itn  t-i  liritcj  -r.  ria  r  1 in  wliicdi  targets  ari'  sl<awly  movintj  or  stationary  and/or  under 
cor.girions  of  ''-alar  pursuit  where  the  tar^pg  remains  somewhat  localizerl  on  the  retina, 
h  1  u  ippr  ,1-d  may  also  !>»'  ap^diiuible  t'-  more  dynamic  (u.nditions  of  tarqet  acquisition  such 
IS  rot  jf  or,  i:.;  /'on>  whori-  f.iriffs  rapiiily  chan  je  position,  direr-tion,  orientation,  and  size, 
hawevor  ,  -  vi‘Ci,il  sci.-ncu*  sugg‘‘sts  that  statii'  aii'l  dynamic  targets  are  processed  by 

• '"a.-wlia  *  ;  :i  i- j.  ui  t  ’/isu.il  mechanisms  (e.g.  2')J.  This  iiusins  that  tests  of  Static  visual 

I'.-uMy  wi;!  uot  :  a  ■. -o.s  r;, ,  r  j  1  y  relatr-  to  dynamic  visii.il  acuity  and  that  those  kinds  of  func- 
♦  ions  will  r'-riiro  S'‘p,,ir*.tn  tf‘sts.  This  is  prn<-isely  what  I.u<lvigh  (26)  found  in  early 
g  loo;;  r  f  dynarni’-  vimmI  a-tiifo^-.  Those  studies  sliriwed  tjuite  largo  individual  differences 


in  dyn.unic  visual  tasks  that  required  the  detection  of  Landolt  targets  presented  at 
different  velocities.  Unfortunately ,  there  has  been  little  follow-on  work  in  that  are<j. 
lic:)weva'r ,  wo  have  l>eqiin  usinq  the  precodinq  contrast  sensitivity  approach  to  determine 
individual  ability  to  detect  and  identify  simple  and  complex  tarqets  under  dynamic  condi¬ 
tions.  CJur  pilot  studies  show  significant  individual  differences  within  and  between  static 
and  dynamic  target  conditions.  This  approach  will  be  extended  to  other  operationally 
relevant  viewing  conditions  such  as  low  luminance  (night-time  conditions;  and  peripheral 
viowinu.  The  main  point  to  be  eni[>hasized  is  that  there  cannot  be  any  unitary  measure  of 
visual  capability  thvit  will  be  relevant  to  all  possible  viewing  conditions.  Needed  are 
tests  of  visual  capability  that  relate  to  the  different  target  and  viewing  conditions  that 
will  bo  encountered  in  the  operational  environment.  The  approach  presented  hero  usinc 
static  targets  represent  a  first  step  in  that  direction.  More  work  will  bo  needed  to 
determine  tlio  relative  iinportanc:e  of  each  of  these  kinds  of  tests  for  visual  target 
acqu i s i t i on . 

It  should  bo  pointed  out  that  the  dichotomy  between  the  phy s io log ica 1  and  cognitive 
asp^v'ts  of  target  act^uisition  created  in  the  introduction  of  this  paper  is  not  that  clean 
cut.  What  part  of  individual  differences  use<i  in  detecting  and  identifying  the  targets 
shown  ir:  Fig  10  are  duo  to  physiological  or  cognitive  factors  such  as  threshold  critcri<;:; 
or  the  particular  selection  of  relevant  target  features  needs  to  be  detei.nined.  Pilot 
experiments  in  our  lab  using  non-criterion  free  paradigms  such  as  method  of  adjustment  and 
•\  review  of  contrast  sensitivity  data  using  sine-wave  gratings  in  criteric;n  free  signal- 
ietectioii  paradigms  reveal  that  about  a  factor  of  1.5  to  2  in  contrast  is  needed  to  go  fror- 
cliar.ce  detection  to  almost  certain  detection  (e.g.  24).  It  would  seem,  therefore,  that 
factors  other  than  criterion  are  required  to  explain  differences  in  individual  contrast 
sensitivity  when  they  differ  by  more  than  a  factor  of  2.  Although  the  relative  importance 
■  e'  suc!i  factors  as  physiological  sensitivity  and  criterion  could  be  determined  experimen¬ 
tally,  the  finding  that  the  individual’s  contrast  sensitivity  to  gratings  relates  to  hi.s 
ability  to  detect  and  identify  complex  targets  suggests  that  these  differences  are  function¬ 
ally  importsant  regardless  of  the  degree  to  which  physiological  and  cognitive  components  each 
adds  to  the  result. 

These  results  have  concentrated  on  the  implications  of  individual  visual  capability  at 
near  threshold  Levels  of  contrast.  Although  those  regions  of  contrast  are  important  in 
many  operational  environments,  a  large  amount  of  viewing  also  uses  suprathreshold  levels  of 
contrast.  There  is  evidence  that  individual  differences  exist  in  the  suprathreshold 
contrast  perception  (27,  28).  The  degree  of  importance  that  these  differences  will  play  in 
the  various  aspects  of  target  acquisition  is  not  clear;  however,  it  would  seem  that  once 
target  information  is  above  threshold  that  sufficient  contrast  exists  for  any  perceptual 
task.  Although  one  individual  may  see  that  information  at  a  higher  contrast  level  than 
another  individual,  relatively  small  differences  in  visibility  may  not  be  significantly 
beneficial.  Indeed,  in  certain  cases  it  may  be  harmfiil.  Consider,  for  example,  the  case 
where  two  individuals  are  viewing  a  video  display  on  which  relatively  high  contrast,  high 
frequency  noise  and/or  scan  lines  are  visible.  Since  it  is  well  known  that  high  spatial 
frequencies  mask  low  spatial  frequencies  (29),  it  would  follow  that  the  more  visible  the 
high  frequency  noise,  the  more  masking  or  the  less  visible  would  be  certain  lower  frequency 
targets.  On  the  other  hand,  increased  target  contrast  does  mean  increased  dynamic  range 
which  could  in  other  cases  provide  increased  signal-to-noise  conditions  that  relate  to 
image  quality.  For  example,  increased  suprathreshold  contrast  perception  may  provide  an 
increase  in  the  number  of  perceived  grey-scale  values  which  could  increase  the  contrast 
discrimination  of  different  target  information.  In  any  case,  how  individual  differences 
in  perceived  suprathreshold  contrast  relate  to  visual  target  acquisition  awaits  further 
experimentation . 


These  differences  in  individual  visual  capability  also  have  implications  for  pilot 
workload.  Today's  high  technology  aircraft  coupled  with  more  complex  combat  environments 
create  high  workload  conditions.  Many  decisions  critical  to  combat  success  demand  complex 
tasks  to  be  correctly  performed  in  short  time  spans  of  several  seconds.  Any  increase  in 
time  to  perform  those  tasks  is  important.  Since  distance  equals  rate  times  time  (d~rt)  , 
increased  target  acquisition  range  and/or  certainty  of  target  acquisition  will  offer  the 
pilot  more  time  to  perform  other  critical  combat  related  tasks.  Therefore,  optimizing 
visual  capability  may  in  many  instances  reduce  operator  workload.  Here  too,  further 
experimentation  is  needed  to  determine  the  relative  importance  of  superior  vision  in 
complex  environments.  However,  the  data  so  far  indicate  that  at  least  under  some  condi¬ 
tions,  individual  differences  in  contrast  sensitivity  could  play  a  major  role  in  certain 
case.s  of  early  target  aeguisi  tion. 

In  summary,  for  vision  limited  tasks  such  as  target  acquisition  in  a  high  performance 
aircraft,  the  should  have  maximum  optical  and  physiological  visual  capability. 

Although  mcjre  data  is  needed  to  determine  population  variances  in  contrast  sensitivity 
an<l  how  those  variances  relate  to  complex  target  acc]ui  si  t  ion ,  given  that  all  other  relevant 
factors  are  equal,  and  whenever  possible,  it  is  suggested  that  observers  with  the  highest 
contrast  scinsitivily  be  [jlaced  in  the  most  vision  intensive  tasks.  The  placement  of 
high  sensitive  individuals  in  positions  requiring  high  visual  capability  may  not  guarantee 
their  succc’ss  under  all  conditions,  however,  it  will  at  least  optimize  the  probability  of 
success  under  many  conditions  that  require  visual  target  acejui  si  tion . 

CONCLUSIONS 


This  brief 
standards  based 
visual  f  unc:  t.  ion 


paper  hrns  presented  data  that  show  the  limitations  of 
on  acuity  measurements  in  being  able  to  measure  norma 
in  a  manner  that  relates  to  visual  performance  over  a 


present  visual 
1  as  well  as  abnormal 
wide  variety  of 


operational  environments  that  effect  contrast.  A  more  powerful  and  parsimoni  r.)us 
measure  of  visu<il  capability  -  contrast  sensitivity  -  was  presented.  Important 
differences  between  individual  contrast  sensitivity  functions  wore  shown  to  relafe 
to  t^ne'.s  aljility  to  detect  and  identify  letters  and  aircraft  targets  over  a  largo 
range  of  tarejot  size  and  contrast  under  static  viewing  conditions.  I’resent  research 
is  extending  those  results  into  dynamic  viewing  conditions.  The  collection  of  large 
population  d.ata  of  contrast  sensitivity  that  is  needed  to  determine  the  extent  of  normal 
v'-ariance  has  begun.  Simulator  studies  that  will  lead  to  field  trials  that  relate  indi¬ 
vidual  contrast  sensitivity  to  various  aspects  of  target  acquisition  are  scheduled. 
Although  we  are  still  a  long  way  from  being  able  to  establish  new  vision  standards 
based  on  these  emerging  techniques,  it  is  recommended  that  standardized  testing  eejuipment 
and  pr(,>cedures  be  developed  to  begin  the  collection  of  contrast  sensitivity  data  in 
parallel  with  conventional  vision  tests.  At  a  minimum,  contrast  sensitivity  can  be 
used  to  screen  very  high  and  very  low  sensitive  individuals  for  further  testing  and/or 
observations.  In  <'doition  to  building  up  a  data  base,  early  exposure  of  the  medical  and 
operational  communities  to  contrast  sensitivity  tests  will  sensitize  individuals 
limitations  of  acuity  measures  and  encourage  quicker  acceptance  of  new  visual  stand-trds 
based  upon  these  techniques  as  they  may  develop.  Especially  important  to  cho  operational 
comimunity  is  the  fact  that  the  contrast  sensitivity  results  will  continu**  tn  be  rela^-ed 
to  task  performance  that  in  turn  will  encourage  the  medical  and  opera^^ion^l  ■•omr, unity 
tt.1  work  more  closely  together  in  establishing  and  maintaining  relevant  visual  standards, 
flopcfully,  it  will  not  be  too  long  before  those  contrast  sensitivity  tochiugut'S  car;  be- 
used  to  create  standards  that  have  the  potential  to  help  optimize  ’  h'.?  -a;,  jbili»y  d  thn, 

most  important  component  of  visual  target  acquisition:  the  human  ob.s^'rv.-r, 
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Discrssios 


PR  H  M  HURniCRKVINK  (NO^ 

I  would  liki-  to  draw  your  attontiiui  to  t  ho  (•orrt‘lai  ion  betwoon  tu-arifJK  and  wttat  you  have  just 
pointed  out  lor  visimi.  Roth  are  funotion?  of  pattern  per«'epfion.  As  tliere  is  a  clear-tut 
dif'feronci’  between  a  person's  speech  comprehension  in  sileive  an<l  in  iK>ise,  it  seems  relevant, 
in  visioi\,  to  test  not  only  the  figure  to  background  iinitrast  necessary  for  (jbjeci  detection  and 
ident  it  icat  it'n  but  also  to  incUide  visual  pattern  recognition  in  "visual  nfuse". 


Arim^R 

Tile  t'or  re  1  a  t  ifin  between  visiiui  .ind  hearing  has  not  gone  unntiticod  as  you  will  find  in  my  paper  and 
the  references  it  contains.  Your  point  about  tlie  difference  between  perception  with  and  without 
noise  is  an  important  one.  However,  the  contrast  sensitivity  approach  presented  is  dealing  with 
the  phy s io 1 og ical  sensitivity  of  the  visual  system  t*’  transmit  visual  data  whether  it  is  noise-free 
or  not.  The  manipulation  of  that  data,  ie.  separating  figure  from  ground,  is  perhaps  more  relevant 
to  how  the  itidividual  attends  to  and  iises  the  visiuil  information  in  'channels',  narrow-band  spatio- 
temporal  filters  that  make  up  the  overall  visual  filter  used  to  separate  the  figure-ground 
i nf I’rm.u  i on .  The  channels  are  briefly  mentioned  in  my  paper  and  in  more  detail  in  reference  12. 
Tests  will  be  developed  later  for  this  type  of  visual  capability. 

PR  i:  PKRDRIbL  (FR) 

Sensitivity  differential  is  an  effective  parameter  in  the  measurement  of  central  vision. 

N’evertheless,  I  think  that  the  estimation  of  angular  vision  acuity  Is  more  reliable  in  the 
assessment  of  aircrew  since  the  use  of  contrast  sensitivity  requires  the  use  of  psycho-physiological 
faculties,  which  can  vary  from  )ne  examination  to  another. 

AL'THOR 

Visual  acuity  is  ideal  in  refraction  and  the  prescription  of  gl.sses,  but  contrast  sensitivity  has 
more  relevance  in  the  retinal-brain  physiological  system  and  the  interpretation  of  the  retinal 
image.  You  also  referred  to  the  day-to-day  variation  in  results.  We  have  completed  longitudinal 
studies  and  have  found  subjects,  repeatedly  examined,  maintain  a  certain  average.  Creating 
standards  will  cake  time,  however,  and  at  present  we  are  collecting  a  data  base. 
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SUMMARY 

The  current  USAF  School  of  Aerospace  Medicine  treatment  program  for  airsickness 
is  reported  in  detail,  describing  treatment  method  and  results.  This  program  is 
based  on  biofeedback  relaxation  training  and  physiological  monitoring  in  a  motion- 
stimulus  environment.  Twenty  aircrew,  disabled  by  chronic,  severe  airsickness, 
were  treated  and  followed.  Two  of  this  group  were  subsequently  grounded  for  rea¬ 
sons  unrelated  to  motion  sickness,  2  were  deleted  from  UPT  due  to  continued  motion 
sickness,  1  was  disqualified  from  back-of-aircraf t  radio  operator  duties  du'^  tc 
motion  sickness,  and  15  have  been  successfully  returned  to  operational  flv.ng. 


INTRODUCTION 

Airsickness  continues  to  be  a  significant  problem  for  student  pilots  and  navigators,  and 
for  experienced  aircrew  changing  aircraft  or  mission  profiles.  The  current  SAM  Airsick¬ 
ness  Treatment  Program,  based  on  physiological  monitoring  and  biofeedback  relaxation  tech¬ 
niques,  began  in  August  1979.  Twenty  aircrew,  flying  various  aircraft,  had  completed  the 
program  by  15  Jun  80  and  provide  the  data  for  this  report. 

Following  treatment  of  this  cohort  of  20,  2  have  been  grounded  for  reasons  unrelated  to 
motion  sickness,  2  were  deleted  from  undergraduate  pilot  training  (UPT)  due  to  continued 
motion  sickness,  1  was  discontinued  from  back-of-aircraf t  radio  operator  duties  due  to 
continued  motion  sickness  and  15  have  been  returned  to  operational  flying.  We  shall  take 
a  closer  look  at  this  group  later  on. 

Let  us  look  at  the  patients,  the  criteria  for  selection,  the  method  of  tre^fment,  the  cri¬ 
teria  for  return  to  operational  flying  and  the  follow-up  period. 


METHOD 

All  patients  are  active  duty  military  aircrew,  including  9  student  pilots,  3  F-111  naviga¬ 
tors,  1  C-130  loadmaster,  1  KC-135  refueling  boom  operator,  2  B-52  navigators,  1  F-4  navi¬ 
gator,  1  C-130  pilot,  1  C-130  navigator,  and  1  RCB-5  radio  operator.  All  were  grounded 
for  chronic  disabling  motion  sickness  and  had  previously  been  provided  every  standard  USAF 
approach,  including  a  series  of  trial  flights  with  dexedrine/scopolamine  or  phenergan/eph- 
edrine.  All  were  reviewed  by  their  squadron  commanders  and  flight  surgeons  as  highly  moti¬ 
vated  . 

A  patient  typically  enters  the  program  on  Wednesday,  processing  through  a  complete  SAM 
medical  evaluation.  Intercurrent  medical  conditions  related  to  motion  sickness  or  poten¬ 
tially  grounding  of  themselves  (e.g.,  kidney  stones)  are  ruled  out,  and  the  patient  is 
cleared  for  treatment  by  Friday  afternoon.  He  is  then  interviewed  by  a  flight  surgeon/ 
psychiatrist.  The  patient's  motivation  to  fly  is  once  again  assessed  and  personal  factors 
possibly  interfering  with  treatment  are  explored.  During  the  years  of  our  former  airsick¬ 
ness  treatment  program  (before  biofeedback  was  employed)  we  had  learned  that  patients' 
motivation  to  fly  had  not  always  been  accurately  assessed,  or  that  the  patient  had  never 
been  given  an  opportunity  to  truthfully  express  negative  feelings  about  flying,  or  that 
the  aviator  had  not  been  able  to  honestly  look  at  his  feelings  until  he  was  away  from  home 
base.  Following  such  an  assessment  and  soul  searching,  the  current  treatment  program  and 
its  rationale  is  explained  in  detail  to  the  patient.  It  is  important  to  note  that  aviators 
are  highly  intelligent,  frequently  have  degrees  in  engineering,  want  to  know  about  biofeed¬ 
back  learning  loops  and  state-of-the-art  physiological  monitoring  equipment,  and  do  not 
appreciate  a  laying  on  of  hands,  black  box  approach.  At  the  conclusion  of  this  first  in¬ 
terview  the  patient  is  instructed  in  biofeedback  relaxation  exercises  and  provided  written 
instructions  as  well,  then  practices  these  exercises  over  the  weekend  and  begins  the  treat¬ 
ment  program  on  Monday.  For  those  interested,  I  have  brought  several  copies  of  our  relaxa¬ 
tion  exercise  instruction  sheets.  If  there  are  .:'>t  enough  to  go  around,  please  sign  the 
request  roster  and  we'll  send  them  to  you.  (Send  written  requests  to  Dr.  Jones,  USAFSAM/ 
NGN,  Brooks  AFB,  TX  78235.)  I  will  demonstrate  these  exercises  to  illustrate  their  ease 
and  simplicity. 

The  basic  premise  to  our  treatment  program  is  that  motion  sickness  is  mediated  by  the  auto¬ 
nomic  nervous  system  and  that  learning  voluntary  control  of  the  autonomic  response  to  motion 
allows  interruption  of  that  response.  The  airsickness  response  typically  consists  of  hyper- 
salivatioj.,  pallor,  cold  sweating,  warm  flush,  malaise,  nausea  and  vomiting.  It  is  the  pro¬ 
drome  to  vomiting,  referred  to  as  the  passive  phase,  that  is  most  disabling  to  our  aircrew 
patients.  It  was  our  original  speculation  that  interrupting  the  autonomic  chain  of  events 
as  early  on  as  possible  would  abort  or  diminish  an  episode  of  airsickness. 
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The  personnel  we  have  used  for  this  program  are  two  flight  surgeon  psychiatrists,  who 
share  in  the  supervision  and  treatment  of  patients,  and  one  biofeedback  technician.  All 
personnel  are  thoroughly  trained  and  experienced  with  biofeedback  equipment  and  relaxa¬ 
tion  techniques.  Adequate  training  means  a  minimum  of  16  hours  of  self-instrumentation 
and  learning  self -regulation  of  physiological  processes.  All  this  should  be  under  the 
supervision  of  an  experienced  professional,  experienced  both  in  biofeedback  techniques 
and  the  actual  treatment  of  patients  with  psychophysiolog ical  disorders.  Biofeedback 
treatment  techniques  can  produce  undesired  reactions.  Underlying  suicidal  depresrions 
and  borderline  psychotic  states  can  be  precipitated  in  susceptible  individuals;  h-^nce  the 
need  for  careful  psychiatric  screening.  Medication  dosage  levels  often  require  adjust¬ 
ment  during  and  after  treatment  (e.g.,  insulin  requirements):  this  has  not  been  a  problem 
in  our  special  population,  but  is  important  to  note.  However,  aviators  do  employ  over- 
the-counter  antihistamines  for  upper  respiratory  infections  and  they  must  be  warned  of 
the  potential  increase  in  sedative  effects  of  the  medication. 

The  equipment  consists  of  a  motorized  chair  which  rotates  counterclockwise  at  speeds  vary¬ 
ing  from  1  to  20  rpm  and  tilts  right  or  left  40°.  On  a  shelf,  approximately  18"  in  front 
of  the  patient's  face,  are  a  bank  of  solid  state  electronic  instruments  measuring  galvanic 
skin  response  (GSR),  surface  skin  temperature  and  muscle  electrical  potentials.  All  in¬ 
struments  are  provided  with  digital,  meter,  audio  and  light  feedback.  Our  patients  gener¬ 
ally  prefn  to  use  digital  information.  The  motorized  chair  is  mounted  with  a  slip  ring 
facility  allowing  physiological  data  to  be  transmitted  to  a  remote  acquisition  area  and 
printed  out  every  5  seconds. 

The  first  treatment  session  involves  checking  out  the  patient's  relaxation  techniques, 
including  diaphragmatic  breathing,  progressive  muscle  relaxation,  and  mental  imagery. 

Then  the  patient  is  introduced  to  the  chair,  familiarized  with  the  equipment,  and  chair 
rotation  is  initiated.  The  patient's  response  to  motion  is  observed  by  the  patient  as 
well  as  by  treating  personnel.  Motion-sick-susceptible  individuals  typically  respond  with 
increased  GSRs  and  lowered  surface  skin  temperature,  as  well  as  increased  muscle  tonus. 
Peripheral  vascular  constriction,  as  in  pallor  or  cold  sweating,  is  recorded  as  drops  in 
temperature  from  resting  baseline  level.  General  autonomic  arousal  resulting  in  sweat 
gland  activity  is  recorded  as  increased  levels  of  GSR.  During  the  following  19  treatment 
sessions,  which  occur  twice  daily  and  last  about  45  minutes,  the  patient  receives  increas¬ 
ing  levels  of  motion  stress  as  he  successfully  interrupts  each  motion  sickness  response. 

The  patient  also  learns  to  recognize  the  earliest  premonitory  signs  of  impending  motion 
sickness  as  he  monitors  his  physiological  status  and  can  associate  certain  cues  (e.g., 
muscle  tension  in  the  abdominal  area) ,  thereby  providing  a  starting  point  for  tuning  down 
his  autonomic  arousal  level.  Our  patients  are  brought  to  the  brink  of  motion  sickness 
several  times  in  any  one  treatment  session;  their  goal  is  to  abort  each  episode  as  effec¬ 
tively  and  quickly  as  possible.  By  the  final  session  the  patients  are  aborting  a  motion 
sickness  response  within  seconds  under  maximal  stress. 

Let  us  take  a  closer  look  at  the  treatment  technique.  Our  patients  are  originally  in¬ 
structed  in  the  basics  of  progressive  muscle  relaxation,  mental  imagery  and  yogic  breath¬ 
ing  as  I  have  previously  demonstrated  and  are  detailed  in  the  available  handout.  As 
treatment  sessions  progress  patients  individualize  and  abbreviate  their  relaxation  rou¬ 
tines.  Typically,  a  patient  will  discover  which  group  of  muscles  provide  the  greatest 
feeling  of  relaxation  or  the  largest  transfer  to  peripheral  vascular  dilatation  and  hand 
warming.  For  example,  he  may  do  only  a  shoulder  shrug  over  10  to  15  seconds.  Another 
patient  may  discover  muscle  tension  in  his  quadriceps  as  a  consistent  prodrome  to  passive 
motion  sickness  and  will  only  contract  and  relax  his  quadriceps.  As  the  patient's  breath¬ 
ing  technique  improves,  he  may  take  only  1  to  3  diaphragmatic  breaths  and  immediately 
swing  into  a  mental  image,  bypassing  muscle  relaxation  techniques.  Patients  must  be 
introduced  to  the  complete  basic  routine  and  then  allowed  to  pursue  their  individual  paths, 
provided  they  are  gaining  autonomic  control.  The  observer,  flight  surgeon  or  technician, 
monitoring  the  patient's  progress  via  careful  observation  of  instruments  and  physical 
appearance,  verbally  reenforces  successful  control  over  autonomic  response  to  motion  and 
interrupts  routines  that  are  unsuccessful  or  partially  successful.  For  example,  one  B-52 
navigator  would  begin  to  gain  autonomic  control  using  a  pastoral  image  (farm  field,  trees, 
leaves  rustling  in  the  wind),  but  would  consistently  lose  control  after  10  or  15  seconds. 

He  was  interrupted  and  it  was  discovered  that  this  initially  relaxing  image  would  evoke 
personal  memories  of  youth  and  blow  his  relaxation.  A  simpler,  memory-free,  mental  device 
was  suggested  and  was  successful.  The  loss  of  control  is  early  picked  up  by  noting  a  sud¬ 
den  rise  in  the  GSR  after  a  consistent  diminution  and/or  a  reversal  of  a  warming  trend  in 
surface  skin  temperature, 

A  mental  device  is  a  centuries-old  technique  for  clearing  the  mind  of  intrusive  thoughts 
and  images.  By  persistent  focus  on  an  image  (e.g.,  the  black  number  1  rn  a  white  back- 
ground--our  pilots  prefer  to  use  the  ace  of  spades — or  a  flowing  stream  or  waves  rolling 
in  on  a  beach) ,  all  other  mental  material  is  pushed  out.  This  technique  is  similar  to  the 
nonsensical  chant  of  a  Sanskrit  word  by  practitioners  of  Transendental  Meditation  as  they 
achieve  mental  relaxation.  Our  aircrew  will  use  flashes  of  an  image  developed  during  their 
treatment  while  actually  flying  operationally.  They  will  not  chant  Sanskrit  or  visualize 
the  ace  of  spades  for  any  length  of  time.  As  our  patients  get  better  and  better  at  achiev¬ 
ing  reversals  of  their  previously  unpleasant  response  to  motion  stimuli,  and  as  they  prac¬ 
tice  and  modify  their  relaxation  routines  at  home,  while  driving,  or  behind  their  desk, 
their  actual  use  of  the  technique  while  flying  is  semi-automatic  and  does  not  interfere 
with  normal  flying  duties. 
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Foliowinq  completion  :>f  the  program  at  SAM,  the  patient  is  back  in  his  aircraft  within  1 
to  3  days.  Delays  ii  return  to  flying  diminish  the  chance  for  success  and  are  avoided. 

A  series  of  5  trial  -ights  of  gradually  increasing  stress,  reaching  full  operational  pro¬ 
file,  is  required  be.  re  a  6th,  final  check  flight.  Our  patients  call  us  after  each  flight 
and  defrief,  specifically  discussing  their  physiological  response.  Suggestions  are  made  by 
our  staff  regarding  any  problems  which  occur.  If  the  6th  ride  is  reached  and  passed,  the 
aviator  is  returned  to  flying  status.  Followup  periods,  as  of  15  Jun  80,  vary  from  1  to 
11  months.  All  15  aviators  successfully  returned  have  passed  their  check  rides  and  are 
successfully  flying.  In  addition,  1  F-111  navigator,  deleted  for  medical  reasons  unrelated 
to  motion  sickness,  has  been  returned  to  flying  status.  Therefore,  we  now  have  returned  16 
of  19  eligibles  to  status.  There  have  been  3  failures  due  to  continued  motion  sickness  and 
1  disqualification  of  a  student  pilot  for  mechanical  flying  d<^f iciencies  unrelated  to  motion 
s  Lckness . 

Let  us  briefly  review  the  failures; 

1.  Student  pilot,  65  flying  hours  post-treatment ,  receiv«;d  "goods"  and  "excellents" 
on  all  check  rides;  nonetheless  experienced  occasional  persistent  passive  motion  sickness. 
His  instructor  pilot  felt  that  the  patient  would  not  be  "safe"  in  solo  formation  flying. 

2.  Student  pilot,  2  flying  hours  post-trtaunent,  experienced  persistent  motion  sick¬ 
ness  and  self-eliminated,  honestly  stating  his  desire  to  stop  flying  and  pursue  another 
occupation . 

3.  KC-135  radio  operator,  whose  first  mission  after  completion  of  the  treatment 
program  was  a  7-hour  marathon  of  turbulence  and  pattern  work  and  active  airsickness  for 
the  patient,  who  said  "enough"  and  self-eliminated  from  flying  duties. 

CONCLUSIONS 

In  closing,  we  note  an  84%  return  rate  of  previously  disabled  aircrew.  Prior  to  the  use 
of  biofeedback,  the  SAM  airsickness  treatment  program  enjoyed  a  return  rate  o.  45  to  50%. 

The  earlier  program  employed  adaptation  and  psychological  desensitization  techniques.  It 
is  impossible  to  say  how  biofeedback  works,  but  it  appears  to  be  reasonable  to  say  that 
it  can  work.  With  careful  selection,  including  a  careful  and  realistic  assessment  of 
motivation,  a  high  return  rate  of  motion-sickness-disabled  aircrew  can  be  achieved. 
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DISCUSSION 


DR  K  ffj’HRl-:  (NO) 

It  has  been  reported  that  in  some  cases,  where  migraine  has  -‘en  successfully  treated  by  biofeedback 
methods,  other  symptoms  such  <as  peptic  ulcer  have  developi  ...  Can  you  comment  on  this? 

ACTHOR 

Szajnberg  &  Diamond  in  Headache  20(1):  29“31  Jan  1980  reported  symptom  substitution  in  8  of  12 
patients  treated  with  EMC  biofeedback  in  1973/7A.  Three  patients  reported  a  variety  of  symptoms 
(joint  swelling,  abdominal  pain  etc.),  two  reported  psychological  symptoms,  and  two  reported  a 
change  in  their  per sc^na I i t y ,  Ten  of  the  12  had  *a  significant  neurotic  depressive  component* 
pre-  and  pos t -t reatment ,  and  most  patients  felt  that  things  happened  to  them  outside  their  control. 
The  authors  postulate  that  removal  of  migraine  is  a  stress  that  upsets  homeostasis  and  may  result 
in  a  new  adaptation  which  may  include  new  diseases.  I  know  of  no  studies  similar  to  this  one. 
ll  th‘^ir  hypothesis  is  true,  however,  it  would  be  true  regardless  of  the  means  by  which  the 
headaches  were  controlled.  By  analogy,  curing  peptic  ulcer  might  lead  to  a  simular  outcome. 

DK  K  t  M(>NKY  (CA) 

Since  the  essence  of  motion  sickness,  nausea  and  vomiting,  does  not  involve  the  autonomic  nervous 
svsten  in  any  important  way,  if  at  all,  could  you  suggest  an  alternative  theory  for  the  very 
impressive  results  you  are  achieving  in  practice? 

AL’THOR 

Although  denervated  stomachs  can  vomit,  it  may  be  that  there  is  an  autonomic  input  into  motion 
sickness  in  the  intact  individual.  Certainly  the  prodrome  symptoms  of  vasoconstriction  and  sweating 
which  we  interrupt  through  biofeedback  techniques  are  mediated  by  the  autonomic  nervous  system. 

Our  techniques  also  allay  anxiety,  which  in  itself  may  cause  nausea  and  vomiting  (as  in  the  pilot 
who  vomits  before  he  gets  into  the  aircraft),  and  this  anxiolytic  action  undoubtedly  contributes  to 
our  results,  as  does  the  subjective  influence  of  the  therapist.  These  anxiety-reducing  effects  are 
most  likely  mediated  through  the  limbic  system  and  may,  through  some  sort  of  gating  effect,  serve 
to  diminish  the  somatic  response  to  the  vestibular  input.  In  lay  terms,  they  learn  to  control  it, 
and  then  to  ignore  it,  and  so  it  doesn’t  bother  them. 
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Summa  ry 

The  disturbances  of  44  aviatort-  of  the  German  Milit-  ry  will 
he  described  and  documented.  The  people  cotucrncd  ore  pilots 
and  navigators  involved  in  a  psychological  intervention  and 
councellint?  program  over  a  period  of  19”'  -  79.  The  aim  was 
flying  rehabilitation. 

Th^  somatic,  psychic,  and  social  symptoms  will  be  analyzed 
under  the  heading  of  modern  stress  conceptions. 

We  will  propose  psychological  prevention  methods  in  order  to 
reach  a  better  stress  tolerance.  And  also  with  high  probability, 
these  procedures  will  modify  the  operational  behavior  patterns 
under  extreme  missions  conditions.  They  will  helmp  to  prevent 
disturi onces  of  health,  and  minimize  flight  safety  risks. 


1) 

This  paper  is  dedicated  to  the  senior  psychologist,  and 
Head  of  Department  VI,  Aviation  Psychology,  Institute  of 
Aviation  Medicine,  GAF,  HDir.  Dr.  K.  Gerbert,  Col.  (Reserve), 
Dipl  -  r...,ch.  ,  Clinical  Psychologist ,  who  ist  the  initiator 
of  psychological  training  and  therapy  programs  with 
aircrew  in  the  German  Military. 


Now  for  a  trief  look  nt  general  fear  of  flying: 


Table  4 


General  P'ear  of  Flying 

no  rsons 

1G 

pilots 

n 

navigators 

1 

I'  1 1  rh  t  t  ime/hrs 

average 

fO.j 

range 

J30  -  ?.( 50 

.  r.  1  d<*r!  T  .1 

r 

(  1  f 

h 

^  •  e  ec-t. ;  ,r.s ;  1  person  ?  x) 

1  i  '‘'■.‘iful  flying  rehabilitation 

'  e  '  j  m  a  t,  e  d 

W*'  Tiun^  fo;r.t  our  tb.Ht  every  person  involved  in  an  accident,  or  incident  j  n  our  samp'e,  dev‘*Ioped 
a  fear  of  fi,v:ri.*  however,  this  ist  not  the  only  factor  involved. 

•-  of  there  specific  persons  were  exceptionally  good  fighter  pilots.  They  jcjcceeded  in  the  reha- 
hilitation  program,  but,  gave  up  flying  approx  ima  tely  one  year  later.  We  will  come  hack  to  these 
t.wu  later. 

Now  a  brief  Iook  at  airsickness: 

With  airsickness  symptome  the  relationship  between  pilot  and  navigator  is  reversed.  This  is 
;bvious  because  of  the  navigator  receiving  more  vestibular  st  ifru  la  t  ion .  Ap  you  can  see  from 
Table  ,  they  have  a  lower  number  of  flying  hours. 


Table  5 


Fe  rsons 

Ai rsi ckness 

pi  lots 

navigators 

4 

flight  time/hrs 

average 

range 

4  -  VC 

successful  fl . 

g  rehabilitation 

4 

unsuccess  t  u  1 
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Airsickness  seens  to  be  s  typical  coBplaint  froa  the  early  stages  of  flying.  These  syaptoas 
arose  despite  being  tested  in  a  certain  way.  Many  psychic  deterainants  belong  to  this  coaplaint. 
We  interpret  it  in  relation  to  the  sensory  dissonance  theory  (HOFFELT  1976  et  al.).  More  than 
half  recontinued  flying  after  psychological  rehabilitation. 

Intervention  techniques 

In  all  cases  there  was  a  psychological  exaa  before  beginning  in  the  progr  m. 

The  counselling  program  consisted  of  2  phases: 

a)  information  on  exam  results  snd  their  consequences 

b)  supervision  in  practical  training;  -  physic;*'  fitness  (emphasis  circulatory  system) 

•  relaxation  training 
-  non-directive  counselling 

However,  the  therapy  program  was  more  extensive  (see  Table  6). 

Table  6 


Therapy  Program 


Pre  Phase 
3-4  weeks 


Main  Phase 
4-8  weeks 


Transition  Phase 
3-4  weeks 


Prephase  is  intended  to  stabilise  the  circulatory  system,  to  increase  stress  tolerance,  and 
teach  relaxation  training.  The  latter  is  a  combination  of  progressive  relaxation  technique 
(JACOBSON)  and  autogenic  training  (SGHULTZ).  A  mental  practice  also  belongs  to  their  pre- 
phase,  It  is  a  very  effective  method  in  high  achievement  sports.  In  therapy  programs  we  use 
it  as  in  systematic  anticipation  of  stressful  situations.  It  is  an  important  part  of  desensi¬ 
tization,  aasertiveness  and  self-management  techniques  (KEMMLER  1979)* 


The  pre  phase  also  includes  a  behavior  analysis  (see  Table  7). 

This  should  offer  the  genesis  of  the  disturbances,  the  situational  context,  and  should  lead  to 
procedures  of  intervention  (KAWFER  &  PHILLIPS  1975)- 

As  you  can  see  in  Table  7  there  are  a  variety  of  therapy  techniques,  based  on  learning  theory* 


I 
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Table  7 


Pra 

Phaaa 


Main 

Phaaa 


Tranaition 

Phaaa 


After  the  main  phase  there  cane  the  transition,  with  aupport  of  simulatora.  Especially  for 
airsickness,  we  used  a  Spatial  Disorientation  Simulator,  with  which  we  are  able  to  produce 
different  forma  of  acceleration,  and  vestibular  stimulation.  The  flying  rehabilitation  would 
be  discussed  with  the  instructor  pilot.  In  most  cases  there  are  about  10  missions  with 
increasing  difficulty  levels  (QERBERT  &  OBERHOLZ  at  AOARD  197**).  When  the  program  was 
auccessfully  completed  clearance  was  received  immediately. 

Results 

The  effect  of  the  psychological  Intervention,  counselling,  and  therapy,  is  shown  in  Table  8. 

Table  8 


Effect  of  Intervention 


A 

B 

Counselling 

Therapy 

successful 

14  70  % 

15 

62,5  Sf 

unsuccessful 

6  30  S< 

9 

57.5  % 

It  is  necessary  to  point  out  that  successful  counselling  and  therapy  does  not  automatically 
mean  successful  flying  rehabilitation.  For  this  reason,  we  let  2  years  pass  before  reviewing 
the  aviators.  Their  flying  statue  is  seen  in  Table  9. 


Table  9 


Flying  Rehabilitation 

A 

B 

Counselling 

Therapy 

successful 

14  70  * 

14*  58  H 

unsuccessful 

6  yi  % 

10**  42  % 

}  12  persons  continued  flying 
2  persons  were  down-graded 


8  persons  were  eliaineted 
2  persons  declined  to  fly 
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In  the  persons  who  declined  to  resume  flying*  we  noticed  a  heavy  loss  of  flying  motivation  and 
a  change  in  attitude  towards  aviation.  This  la  abviously  not  the  intended  effect! 

Now  we  come  back  to  the  2  pilots  mentioned  earlier.  They  succeeded  in  psycholugical  therapy 
and  flying  rehabilitation,  but  discontinued  their  flying  career  after  approximately  one  year. 
Fear  problems  arose  for  the  one,  and  the  other  could  not  cope  with  the  pressure  he  received 
from  fellow  pilots.  There  are  many  prejudices  about  mental  illness  and  therapy  and  this  was 
not  recognized  during  the  therapy  program.  There  should  be  more  information  attained  on  this. 
Some  years  past  there  was  the  same  problem  in  high  achievement  sports.  Now,  it  is  a  normal 
proc«^dure  for  sportsmen  to  receive  psychological  support. 


It  is  interesting  to  note  that,  this  problem  exists  mainly  in  jet  wings.  You  can  also  see 
in  Table  10  that  flying  rehabilitation  in  jet  aviators  is  lover  than  in  prop  aviators. 
O'CONNOR  &  LISTER  found  the  same  (AQARD  197^). 


Table  10 


Flying  Rehabilitation 

of  Therapy  Group  (B) 

Jet 

Prop 

successful 

5*  ‘*2  % 

9  75  « 

unsuccessful 

7**  58  % 

5  25  X 

*  2  persons  were  down-graded 

••  2  persons  declined  to  fly 

2  persons  flew  for  1  year  and  gave  up 


Etiology  of  Disturbances 

For  analyzing  the  disturbances  we  use  the  concept  of  man/machine  system.  The  examples  we  will 
use  will  show  the  connection  between  the  individual  and  environmental  conditions;  specifically 
the  working  conditions, social  structure  and  situational  conditions.  Not  only  do  we  use  the 
frame  of  reference  of  man/machine  system  to  analyze  the  relationships  of  complaints  and 
individual's  biography,  but  the  multidimensional  causation  and  reinforcements.  These  complaints 
are  the  result  of  specific  learning  processes  and  experience.  In  most  cases,  the  individual's 
socialization  and  learning  history  are  the  basis  for  the  development  of  malfunctions.  The 
trigger  and  reinforcers  are  found  in  relatively  short  dynamic  feedback  processes.  There  is  a 
strong  tendency  to  generalize,  due  to  the  high  risk  factor  and  to  anticipation.  The  feeling  of 
psycho-physiological  arousal  and  psychological  threat  are  the  deceicive  vehicles  in  the  develop¬ 
ment  of  malfunctions.  One  dramatic  situation,  (eg.  ejection)  or  many  unrelated  high  tension 
situations  lead  to  a  typical  stress  reaction  for  each  individual.  Often  they  are  reinforced 
through  psychosocial  problems  or  poor  physical  condition.  The  aviators  do  not  realize  these 
connections.  They  only  realize,  for  example,  a  sense  of  helplessness;  aggression  or  feeling 
poorly,  as  we  say  a  decline  in  self-ccntrol.  This  leads  to  anticipation,  aversion,  and  avoidance 
behavior.  The  situational  items  first  are  uncondition* j  stimuli.  They  become  reinforcers  for 
the  different  stress  reactions.  It  has  been  noticed  that  the  cognitive  and  emotional  evaluation 
of  the  anticipation  of  a  stressful  situation  often  leads  to  a  stronger  strain  reaction  than 


the  real  situation  produces*  Aviators  feel  unabls  to  cope  with  situations  but  don't  realise 
that  it  is  in  actuality,  a  decline  in  self-control*  They  have  reported  in  the  following  way: 

"1  can  handle  the  aircraft  in  every  situation,  for  this  there  is  a  procedure*  But  I  can't 
help  it  because  of  my  symptoms*  1  have  no  control  over  ay  body*" 

Most  of  the  aviators  dissimulate  in  the  early  stages*  But  they  do  realize  that  there  is  a 
decrease  in  their  abilities  to  solve  problems,  and  analyze  and  process  information*  They 
recognize  a  disorganisation  in  planning  and  action*  They  don't  perceive  all  information  due 
to  lack  of  concentration*  They  use  their  concentration  for  self-defense  rather  than  business  at 
hnnd.  At  this  moment  there  exists  a  high  situational  risk  (see  Table  11). 

One  of  the  most  interesting  processes  is  the  feedback  of  individual  perception  and  personal 
composition* 

Table  11 


(PUGH,  W.M*.  &  GUNDERSON,  E.K*  1979) 

This  is  the  moment  that  they  begin  to  speak  about  their  complaints*  Sometimes,  it  seems  to  us, 
it  will  be  too  late. 

When  pilots  talk  about  their  complaints,  it  isn't  positive  that  they  would  be  understand  or 
receive  the  proper  help*  Often  flight  surgeons  Haven't  sufficient  psychological  training- 

For  2  years  we  have  been  engaged  in  enalysin  of  human  factor  accidents*  The  percentage  of  those 
accidents,  in  every  form  of  aviation  is  verv  high.  We  found  that  the  situational  conditions 
are  similar  to  those,  in  which  somatic  or  psychic  symptoms  arose*  An  individual  situation  risk 
could  be  defined.  It  seems  to  be  an  indicator  for  all  factors;  dependant  and  independant  of 
the  situation*  We  were  only  able  to  make  a  limited  prognosis*  We  had  doubts  about  the  results 
of  NEUMANN'S  prognosises  of  accident-prone  pilots*  He  works  on  the  basis  of  a  projective 
perception  test  (Defense  Mechanism  Test)* 
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Concluaione 

We  analysed  the  dieturbances  of  44  aviators.  We  saw  the  syaptons  as  specific  reactions  to 
various  stress  conditions  within  the  Ban/aachioe  system.  They  seeaed  to  follow  situational 
determinants.  We  would  like  to  propose  the  following  procedures  for  preventing  disturbances 
and  malfunctions: 

1.  To  establish  psychological  techniques  for  aircrew  selection  which  measure  learning 
processes  under  stress  conditions. 

2.  To  create  a  better  training  prograa*  specifically  in  the  area  of  increasing  stress 
tolerance. 

The  most  effective  would  be: 

The  development  of  a  preventive  program. 

This  would  produce,  not  only  better  fitness,  but  also  flight  safety. 

How  this  program  might  look  is: 

Find  all  central  positions  in  the  man/machine  system.  These  are 
aviators  (and  perhaps  their  relatives) 

-  ops  and  duty  officers  (in  the  squadrons) 

-  instructor  pilots/navigators  (rio,  wso) 

>  flight  surgeons 

-  flight  safety  officers 

These  people  must  all  be  uniformly  informed  about  the  development  of  malfunctions.  They  must 
be  made  aware  of  them.  The  next  phase  should  be  a  special  education  program.  This  should  lead 
to  a  higher  level  of  competence  in  the  relationship  between  these  people.  Some  training  in 
accident  analysis,  prevention,  psychological  ergonomics,  and  clinical  psychology  is  preferred. 

At  the  Institute  of  Aviation  Medicine  in  the  German  Air  Force  we  have  begun  the  first  steps 
in  this  direction.  We  organized  seminars  in  psychological  topics  (eg.  malfunctions  in  men/ 
machine  systems  and  exploration  techniques  with  video  feedback  training).  The  reactions  we 
received  from  the  participants  gave  support  to  our  ideas.  Extra  finances  are  not  necessary 
for  this  program,  only  cooperation  and  organization. 
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DISCUSSION 


MR  R  E  F  LEWIS  (CA) 

From  your  experience,  once  a  member  of  aircrew  has  been  involved  in  a  significant  aircraft  accident 
do  you  think  that,  thereafter,  he  will  retain  a  fear  of  flying  to  some  degree? 

AUTHOR 

If  he  had  learned  to  cope  with  the  symptoms  related  to  a  fear  of  flying  I  think  he  would  be  able 
to  remain  in  flying.  In  our  experience,  half  of  the  aircrew  involved  in  accidents  or  incidents 
returned  to  flying. 

DR  K  E  MONEY  (CA) 

Would  you  say  that  you  are  confident  that  the  4  out  of  7  cases  of  motion  sickness  who  returned  to 
flying  did  so  because  of  your  intervention? 

AUTHOR 

I  am  sure  that  they  are  retained  in  flying  because  of  the  training  we  gave  them.  We  use  a  technique 
similar  to  Dr  Jones  to  provide  desensitisation. 

DR  D  R  JONES  (US) 

We  see  quite  a  few  people  %fho  have  a  fear  of  flying  and  many  more  with  psychosomatic  symptoms  clearly 
related  to  flying.  Almost  all  are  not  interested  in  therapy  for  their  symptoms.  The  exceptions 
are  those  with  a  true  flight  phobia  which  they  want  to  get  rid  of,  and  for  them  desensitisation 
%fork8  well . 

How  do  you  get  your  subjects  who  have  lost  their  motivation  to  remain  in  therapy  for  so  long? 

AUTHOR 

It  does  not  work  in  every  case.  We  do  not  call  it  therapy,  but  a  training  programme.  Nor  do  we  call 
this  condition  fear.  We  remove  them  from  their  squadrons  for  treatment. 
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DETECTION  OF  DIAZEPAM  AND  DETERMINATION  OF  TIME  OF  INOESTION 
IN  AIR  ACCIDENT/INCIDENT  INVESTIOATION 


Linda  J.  McBurney 
DCIEM 

Dovnavlew,  Ontario,  Canada 


INTRODUCTION 

Toxicological  analyses  are  performed  in  our  laboratory  to  assist  in  the  investigation  of  military  air 
accidents  and  incidents  In  Canada.  We  became  aware  several  years  ago  that  the  screening  procedure  in 
use  for  tranquillizers  of  the  benzodiazepine  class,  of  which  diazepam  is  a  most  common  example,  was 
extremely  sensitive.  In  some  cases,  metabolites  could  be  detected  in  the  urine  up  to  four  weeks  or  more 
after  a  single  therapeutic  dose.  In  any  Interpretation  of  positive  drug  findings,  therefore,  we  felt  it 
Important  to  be  able  to  differentiate  recent  consumption,  that  is  one  to  two  days,  from  a  later  post- 
consumption  period. 


The  major  metabolic  transformations  of  diazepam  In  man  are  shown  in  Fig.  1. 


Fig,  1,  Metabolic 

transformations 
of  diazepam  and 
acid  hydrolysis 
products 
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Diazepam  Is  virtually  completely  metabolized  with  less  than  0.05X  excreted  unchanged  in  the  urine 
(1,  2).  Desmethyldlazepam  is  the  major  metabolite  measurable  in  blood  (2),  while  the  glucuronide 
conjugate  of  oxazepam  is  the  major  detectable  metabolite  found  In  urine  (3).  On  acid  hydrolysis 
these  benzodiazepines  are  converted  to  their  corresponding  benzophenones  (Fig,  1)  and  this  forms  the 
basis  of  the  screening  procedure  (4) .  The  benzophenones  are  then  separated  by  thin  layer  chroma¬ 
tography  (TLC).  The  amlnochlorobenzophenone  (ACB)  may  be  visualized  after  dlazotization  with  the  Bratton- 
Marshall  reagents  (5).  Methylsmlnochlorobenzophenone  (MACB)  does  not  possess  a  primary  amino  group  and 
therefore  does  not  react  to  form  a  diazochromophore.  If  present  in  sufficiently  high  concentrations, 
however,  as  in  the  urine  of  a  chronic  user  it  may  be  seen  as  a  faint  yellow  spot  prior  to  dlazotization. 
The  appearance  of  MACB  In  some  Instances  after  recent  dosing  indicated  that  temazepam  may  be  a 
significant  metabolite  in  the  early  phases  of  metabolism.  This  present  study  was  designed  to  examine 
the  temporal  excretion  patterns  of  unchanged  diazepam  metabolites  and  to  determine  if  there  was  a 
relationship  between  metabolite  ratios  and  the  time  of  ingestion.  A  clinical  study  was  carried  out  using 
gas  chromatography-maes  spectrometry  (CC/MS)  to  verify  the  presence  of  and  to  quantitate  diazepam 
metabolites  in  the  urine  of  human  subjects  after  a  single  10  mg  dose. 

MATERIALS 

Diazepam  tablets  (3  mg:  Vivol  B.P.)  were  obtained  from  F.W.  Horner  Ltd.,  Montreal.  Pure  standards 
of  diazepam,  deonethyldiazepam,  3-hydroxydiazepam  (temazepam)  and  2^ethylamlno-5-chloro-benzophenone 
(MACB)  were  purchased  from  Hoffman-LaRoche  Inc.,  Nutley,  N.J,,  oxazepam  from  Wyeth  Laboratories.  Toronto, 
Ont.,  and  2-amino-3-chIorobenzophenone  (ACB)  from  Aldrich  Chemical  Co..  Milwaukee,  Wis.  6-glucuronldase 
was  obtained  from  Sigma  Chemical  Co.,  St.  Louis,  Miss.  Derivatizlng  agent  BSTFA,  and  sllylat ion-grade 
pyridine  were  purchased  from  Chromatographic  Specialties,  Brockvllle  Ont. 

All  glassware  used  in  sample  storage  and  preparation  was  sllylated  (6)  to  reduce  adsorptive  losses 
of  metabolites  during  processing. 

CLINICAL  PROTOCOL 

Eight  male  subjects  from  23  to  48  years  of  age  and  who  had  not  taken  diazepam  for  at  least  8  weeks 
each  received  a  10  mg  dose  at  0900  hours  on  day  1.  Urine  samples  were  taken  every  3  hours  for  12  hours 
and  thereafter  every  12  hours  for  the  first  week,  followed  by  24  hour  and  finally  48  hour  intervals  for 
a  four  week  period.  An  additional  four  male  subjects  each  received  a  5  mg  dose  and  samples  were 
collected  for  the  first  week.  Samples  were  frozen  at  -20^C  in  sllylated  glassware  until  analyzed. 
Creatinine  levels  were  measured  (7)  on  all  samples  and  drug  concentrations  were  expressed  on  this 
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basis  to  reduce  errors  due  to  volume  fluctuation. 


SAMPLE  PREPARATION 

Three  ml  urine  samples  were  hydrolyzed  with  B-glucuronldase  according  to  the  method  of  de  Silva 
and  Puglisl  (8).  This  procedure  frees  the  bound  hydroxylated  metabolltea  from  their  water  soluble 
complexes  and  enables  extraction  of  total  metabolites.  The  subsequent  organic  extraction  and  clean-up 
procedures  were  carried  out  using  the  method  developed  by  Zingales  (D.  The  trlmethylsllyl  (TMS) 
derivative  of  temazepam  was  formed  by  adding  50  yl  each  of  BSTFA  and  pyridine  and  heating  the  sample 
residue  In  a  reacti-vial  at  50®C  for  20  min.  The  excess  BSTFA  and  pyridine  were  removed  using  a  stream 
of  nitrogen. 

Efficiency  of  extraction  and  overall  recoveries  of  the  metabolites  were  monitored  either  by 
carrying  blank  urines  spiked  with  known  amounts  of  diazepam  and  Its  metabolites  through  the  entire 
procedure  to  obtain  calibration  graphs,  or  by  adding  diazepam  to  samples  and  quantitating  using  measured 
relative  response  factors. 

In  a  number  of  cases,  urine  samples  were  analyzed  for  ACB  and  MACB  after  acid  hydrolysis  and  TLC 
to  separate  the  benzophenones  and  remove  urinary  contaminants.  The  ACB  and  HACB  were  subsequently 
eluted  from  TLC  plate  scrapings  with  methanol. 

CAS  CHROMATOGRAPHHY  -  MASS  SPECTROMETRY  (CC/MS) 

A  Finnlgan  4000  CC/MS  operated  in  the  electron  impact  (El)  mode  with  an  TNCOS  data  analysis  system 
was  used  to  obtain  mass  spectra.  The  analytical  column  was  a  1.8  m  by  2  mm  l.d.  glass  or  nickel  column 
packed  with  OV-17  on  Chromosorb  W-HP  (80/100)  mesh).  Operating  conditions  were:  Injector  temperature, 
250®C;  oven  temperature,  240^C  Isothermal;  helium  carrier  gas  flow  rate.  25  ml  per  mlnr  transfer  line 
and  source  temperatures.  270^Cf  electron  energy  45  eV*  emission  current.  0.3  mA;  accelerating  voltage, 
1800V,  Multiple  Ion  detection  (MID)  employing  at  least  two  Ions  per  compound  was  used  to  verify  the 
presence  of  and  to  quantitate  each  metabolite.  Ions  chosen  for  MID  were  usually  the  base  peak  and  one 
or  two  other  major  peaks  which  showed  minimum  background  contamination  from  endogenous  urinary 
constituents  present  In  the  final  extracts. 

Dried  residues  or  derlvatized  extracts  were  dissolved  In  methanol  and  a  volume  equivalent  to  0,6  ml 
urine  was  Injected  onto  the  CC  column, 

RESULTS  AND  DISCUSSION 

C-as  chromatography  -  mass  spectrometry 

Fig.  2  shows  the  same  mass  spectra  obtained  from  diazepam,  desmethylldiazepam,  oxazepam  and  the  monotrl- 
methylsllylated  derivative  of  temazepam. 


Fig.  2.  Electron  Impact  mass  spectra  of  diazepam,  desmcthyldlazepam.  oxazepam  and  the  monoTMS  derivative 
of  temazepam. 


The  masses  underlined  In  Fig,  2  are  those  chosen  for  compound  Identification  and  quant  Itac Ion . 

Under  the  analytical  conditions  used  In  this  study^  oxazepam  was  quantitatively  converted  to  the 
qulnazoline  carboxaldehyde  form  (9)  with  a  m.w.  of  268  as  no  peak  corresponding  to  unchanged  oxazepam, 
m.w.  286,  was  seen  in  the  total  chromatographic  screen  of  either  the  pure  standard  or  urinary 
extracts.  Oxazepam  also  appeared  to  resist  sllylatlon  by  BSTFA  and  the  only  peak  observed  post-TMS 
treatment  was  the  carboxaldehyde.  On  the  other  hand,  tesnazepam  was  completely  sllylated  to  t!ie  mono- 
TMS  derivative  under  the  same  conditions.  The  presence  of  the  methyl  group  on  the  N-1  appears  to 
stabilize  the  molecule  against  thermolytlc  degradation  and  permits  sllylatlon  of  the  C-3  hydroxyl  group. 

The  sllylated  temazepam  showed  a  significant  Increase  In  sensitivity,  more  than  100-fold,  over 
the  underlvatlzed  metabolite,  and  eluted  as  a  sharp  peak  at  half  Its  former  retention  time.  Fig.  3 
Illustrates  a  typical  chromatographic  separation  of  the  three  metabolites  extracted  from  a  drug-free 
urine  sample  spiked  with  50  ng  of  each  compound. 
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Fig,  3,  Reconstructed  gas  chromatographic  profile  of  the  extract  from  a  blank  urine  spiked  with  50  ng 
oxazepam,  desmethyld lazepam  and  temazepam.  Single  Ion  current  profiles  of  masses  selected  for 
quantitation  of  the  metabolites  are  saown  below.  For  CC/MS  conditions  see  text. 

While  the  temazepam  and  desmethyld lazepam  were  not  completely  separated  In  the  total  Ion  current 
(upper  tracing),  the  use  of  individual  ions  specific  to  each  component  (lower  tracings)  eliminated  such 
Interference  and  enabled  quantification  of  one  or  more  ions. 

The  overall  recoveries  of  metabolites  when  added  to  urine  as  reference  standards  over  a  range  of 
concentration  from  10  ng  to  200  ng  per  ml  were  75  to  78X  (coefficient  of  variation,  8,5^),  Recovery 
of  diazepam  over  the  same  range  was  70%  with  a  c,v.  of  8,5%.  Limits  of  detection  were  of  the  order  of 
0,4-0, 7  ng  per  ml  urine. 

Mean  levels  of  the  three  metabolites  found  in  the  urine  of  the  eight  subjects  who  received  the  10 
mg  dose  are  shown  in  Fig,  4.  Desmethyld lazepam  concentration  peaked  9-12  hr  after  Ingestion, 
temazepam  at  12-24  hr,  and  oxazepam  levels  rose  more  slowly,  reaching  maximum  values  between  1  and  3 
days  in  all  subjects.  From  day  2  (48  hr  post  ingestion)  oxazepam  was  the  major  metabolite  and  its  rate 
of  elimination  or  excretion  via  the  urine  declined  more  slowly  than  the  other  metabolites. 

The  broken  lines  indicate  that  subsequent  points  on  the  graph  are  biased  toward  high  values.  This 
bias  Is  the  result  of  the  decreasing  sample  size  as  various  metabolite  levels  fell  below  concentrations 
which  could  be  accurately  quantified.  Wide  variations  In  metabolite  levels  among  the  test  group 
individuals  were  seen  as  Is  Indicated  in  Fig.  4  by  the  standard  deviation.  In  most  cases  the  dlstrlbu- 


Fig,  4,  Levels  of  diazepam  metabolites  In  urine  after  a  single  10  mg  dose.  Means  +/-3SD. 

tion  of  measured  values  tended  to  be  bimodal  or  platykurtlc  rather  than  normally  distributed  about  a 
mean.  Such  patterns  in  distribution  might  well  be  expected  as  a  natural  consequence  of  differing 
metabolite  rates  and  therefore  rates  of  elimination  of  the  drug  which  have  been  observed  between  in¬ 
dividuals  (2).  The  actual  ranges  of  values  ^ound  for  oxazepam,  desmethyld tazepam,  and  temazepam  in 
this  study  are  presented  separately  in  Figs,  b,  9,  and  10  respectively  at  the  end  of  the  text. 

Ratios  of  oxazepam:  desmethyld tazepam  (oxtdes)  and  oxazepam :tanazepam  (ox'tem)  were  calculated 
for  each  subiect  and  mean  and  ranges  of  these  ratios  for  the  first  week  are  shown  below  in  Figs  5  and  h. 


Time  in  Days  T*tw  m  Days 

Fig,  5,  Ratios  of  oxazepam rdesmet hyld lazepam ,  Fig,  6.  Ratios  of  oxazepamrtemazepam. 

Mean  and  range  for  eight  subjects.  Mean  and  range  for  eight  sublects. 


AH  ratios  prior  to  ^  hrs  were  less  than  1.  However,  sucli  values  cotil<l  ocrur  for  up  to  24  hrs  in  t  ho 
case  of  ox'iles  and  for  •8  hrs  In  the  case  of  oxttem,  A  value  of  1  or  less  for  oxtdes  coupled  with  a 
correspond inp  ox-tem  ratio  of  0.7  or  less  would  indicate  ingestion  within  the  previous  24  hrs.  This 
combination  was  se^n  in  7S*'  CH/T?)  of  samples  collected  during  the  first  12  hours,  and,  in  total, 
over  ^0“"  (TO/12'i  had  at  least  one  ratio  helow  these  particular  vahies  during  this  time  period, 

Hevond  one  dav,  all  values  for  oxtdes  were  >1.0  and  all  oxttem  ratios  were  ‘0.7,  Rotii  ratios 
continued  to  rise  although  at  m»!^h  slower  rates  tl^n  seen  during  the  *'irst  day.  As  a  result,  higlier 
"atlos  cover  verv  broad  ranges  in  time  and  by  themselves  could  not  he  expected  to  give  rise  to  ..arrow 
time  limits.  However,  the  use  of  these  ratlo.s  In  conlunction  with  actual  metabolite  levels  should 
provide  the  best  indication  of  the  acc\iracy  attainable.  To  assess  the  usefulness  of  our  control  data 
results  obtained  from  four  55ubiects,  each  of  whom  received  a  ^  mg  dose,  were  treated  an  unknown.s  with 
respect  to  both  dosage  level  and  time  of  ingestion.  The  metabolite  concentrations  and  calculated 
ratios  were  compared  to  the  data  in  Figs,  S,  f>,  ft.  9  and  Ih  to  estimate  fx5th  dosage  and  Ingestion  time 
The  results  are  given  In  Table  1, 


Table  1 

;  Fstinatlon 

of 

dose  and 

time  since  inge.st  Ion  following  administration  of  5  mg  Diazepam 

1 

Levels  of 

metabol ites 

in 

ur  ine 

Actual  time 

Kstlmated  dosage 

Fstlmated  time  since 

f>x 

Oes 

Ten 

since  Ingestion 

ingest  Ion  ' 

-ng/mg 

creat Inlne- 

1 

1 

"  F  .3 

0.2 

15.2 

6  hr 

2  mg 

9  hr-18  hr  ‘ 

12. a 

4P  .3 

14.1 

•* 

5  mg 

6  hr-O  hr 

21.3 

22  .8 

45.7 

5  mg 

9  hr-18  hr 

40,2 

27.5 

41.4 

’’ 

5  mg 

12  hr-2d  i 

ia.3 

14.2 

15.1 

12  hr 

2  mg 

12  hr -2  d  j 

22.3 

31,6 

61  .4 

5  mg 

9  hr-12  hr  ! 

25.2 

21.4 

34  .4 

5  mg 

12  hr-ld  i 

121.0 

IDl  .7 

78.7 

10  mg 

12  hr-1.5d  1 

27  .ft 

a. 2 

16.0 

1  d 

2  .ng 

ld-2,5d  j 

28.4 

11.3 

18.8 

5  mg 

ld-1.5d  1 

50. 

11. 0 

23,7 

110  mg 

4d-5.5d 

. 

orl  5  mg 

1.5d-3d 

108,6 

23.1 

49.3 

" 

10  mg 

1.5d.3d 

1  22.3 

2.7 

I  o.D 

3  d 

* 

3fi.l 

14.2 

17,6 

” 

5  mg 

2d-5d  ’ 

40.2 

13.6 

24.7 

" 

I  mg 

ld-3d  1 

54,9 

17.8 

13.5 

*• 

(10  mg 

4.5d-6.5d 

1 

or  t  5  mg 

3d-4d 

I 

7.2 

2.0 

3.1 

5d 

2  mg 

5d-6d 

•  23.2 

1.8 

5.8 

•• 

S  mg 

6.5d-8d 

1  26.0 

5.8 

13.2 

5  mg 

4d-5d 

04 . 3 

17.7 

23.1 

1 0  mg 

3,5d-6d 

*?'o  estimate  possible*  mutually  exclusive  values 

The  last  two  columns  of  '’"able  1,  of  estimat€»d  dosage  and  time,  are  predicted  on  the  basis  of 
metabolite  levels  detected.  Tn  two  instances  the  values  observed  were  compatible  with  more  than  one 
dosage  level.  Tn  a  third  example,  no  estimation  v«s  possible  because  mutually  exclusive  results 

were  obtained  ^or  Ingestion  times  wfien  ratios  were  compared  to  the  control  group  data.  The  use  of 
actual  metabolite  rone ent rat  ions  In  conjunction  with  their  ratios  enabled  not  only  an  estimate  of 
probable  dosage  recel’*ed  but  usually  re<?ulletl  In  an  estimated  range  of  time  since  Ingestion  which  was 
shorter  than  the  time  span  estimates  based  on  ratios  alone. 

Values  In  Table  2  <ire  taken  from  three  cases  of  positive  benzodiazepine  findings  in  air  in¬ 
cidents  occurring  prior  to  Tn  their  investigation,  quantitative  analyses  were  carried  out  on  the 

acid  hydrolvsis  products,  A^R  and  >iArp . 

Table  ?:  Diazepam  metabolite  concentrations  in  ijrtne  of  aircrew  positive  for  a  benzodiazepine  drug. 


ACR 

MACB 

ACR-MACB 

C.a  se 

1 

-ng/mg 
n  .0 

0.9 

12 

Case 

2 

6.4 

0.3 

21 

Ca  se 

3 

29.0 

2.0 

10 

The  ACB  •  MACR  ratio  is  equivalent  to  fex  plus  desHtan.  The  re.9ults  from  these  three  accident 
investigations  are  shown  in  Fig.  7  which  is  a  plot  of  the  additive  metabolite  ratio.  In  all  three 
cases  the  indicated  time  of  ingestion  was  more  than  5  days  prior  to  sampling  time  and  the  low  meta¬ 
bolite  levels  would  lend  support  to  this  estimation. 
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Fig,  7,  Ratio  of  oxazepam  plus  desnethyld lazepamrtejnazepam  (equivalent  to  ACBrllACB).  Mean  and  range 
for  eight  subjects. 

As  may  be  seen  this  ratio  could  give  ambiguous  results  over  the  first  three  or  four  days  and  in 
such  a  situation  levels  of  Che  unchanged  metabolites  could  be  measured  if  a  more  definitive  dosercimc 
estimate  were  desired. 

It  is  only  during  the  first  6  hours  that  a  therapeutic  dose  (10  mg  or  less)  of  diazepam  has  a 
measurable  effect  In  the  Impairment  of  performance  (10).  In  some  Individuals,  however,  a  resurgence 
of  plasma  levels  has  been  observed  after  this  period  of  time  causing  subjects  to  become  drowsy  again. 
The  authors  suggest  that  this  may  occur  through  mobilization  of  stored  diazepam  or  the  release  of 
active  metabolites  from  entero-hepat Ic  circulation  (11).  The  hyp;iotlc  effects  of  a  single  dose  of  the 
tranquillizer  thus  could  conceivably  decrease  mental  alertness  for  up  to  12  hrs.  While  precision  in 
the  determination  of  ingestion  time  was  seldom  less  than  a  12  to  24  hr  time  span,  the  use  of 
metabolite  ratios  and  concentrat ions  does  appear  to  differentiate  between  recent  consumption,  i.e., 
the  first  day  or  two,  and  later  post-lngestlon  times.  The  relationships  between  metabolite  ratios  and 
ingestion  time  presented  here  represent  only  the  single^^ose  situation  and  will  not  hold  for  multiple 
or  chronic  dosing  occurring  over  a  period  of  time.  In  such  cases,  however,  multiple  usage  will  be 
evident  In  considerably  higher  metabolite  concentrations.  In  several  Instances  of  known  chronic 
dosing^  we  have  observed  oxazepam  levels  ranging  from  260  to  350  ng/mg  creatinine  and  metabolite  ratios 
falling  between  2.0  and  3,0.  it  should  be  noted  also  that  the  data  In  this  study  apply  to  a  male 
population  only.  The  levels  of  metabolites  excreted  In  a  female  population  could  be  quite  different 
with  time  since  women  have  been  shown  to  exhibit  sfgnlf icant ly  longer  plasma  diazepam  half-lives 
and  lower  clearance  rates  than  men  (12), 
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CARDIOVASCULAR  RISK  FACTORS  IN  THE  PILOT  POPULATION 


A  POLICY  DISCUSSION 

Egil  Ainas,  MD,  PhD  and  Harald  T.  Andersen,  HD,  PhD, 

Institute  of  Aviation  Medicine,  PO  Box  231,  Bllndern,  Oslo,  Norway 

Summary, 

Several  large  scale  prospective  investigations  have  recently  quantified  the  cardiovascular 
risk  factor  pattern  in  the  Scandinavian  male  oooulation. 

It  is  the  intention  of  the  RNoAF  Institute  of  Aviation  Medicine  to  nut  these  findings  to 
practical  use.  Since  the  small  population  in  Norway  is  biologically  and  sociologically 
hcniDgenous,  it  is  possible  to 

a)  extrapolate  from  current  epidemiological  research  in  Scandinavia  to  the  aircrew 
population. 

b)  Perform  periodic  standardized/centralized  medical  examinations  and  evaluations. 

c)  remain  in  close  personal  contact  with  each  aircrew  member  throughout  his  total  career. 

A  risk  profile  will  be  established  for  each  aircrew  candidate  at  the  point  of  training 
entry,  and  monitored  annually  throughout  his  career.  Among  other  medical  information  this 
will  contain  his  family  historv,  cholesterol/HDL  ratio,  smoking  habits,  level  of  physical 
fitness  etc. 

Significant  changes  in  any  Individual's  risk  factor  profile  will  be  a  cause  for  personal 
counseling  and/or  minor  modifications/restrictions  in  medical  flight  status. 

It  is  honed  that  this  pattern  of  aeromedlcal  approach  will  reduce  the  problems  caused  by 
CVD  in  Norwegian  military  and  commercial  aviation. 

Introduction. 


According  to  most  medical  criteria  the  population  of  young  military  pilots  is  virtually 
free  from  cardiovascular  disease.  Similarly,  the  number  of  incidents/ accidenis  where  CVD 
has  been  a  causative  factor  remains  very  low.  Should  we  in  the  aeromedlcal  community 
therefore  rest  satisfied  that  our  screening  and  certifying  procedures  are  fully  adeauate?' 

Several  disturbing  factors  from  modern  CVD  research  force  us  to  continually  upgrade  our 
views  and  regulations.  We  are  primarily  concerned  with  flight  safety,  and  because  of  the 
sudden  incapacitation  that  can  quicklv  and  unexpectedly  be  the  first  symptom  of  this 
disease,  aeromedlcal  CVD  guidelines  have  to  remain  strict.  As  is  well  known  CVD  accounts 
for  a  majority  of  early  adult  male  mortality  (although  a  slight  decline  in  prevalence  has 
been  reported  in  recent  years)  and  a  recent  survey  shows  that  CVD  also  constitutes  the  most 
important  medical  cause  of  flight  disqualification  in  pilots  above  35  yrs  (65%)  .  (1)  . 

However,  as  has  been  well  documented  by  studies  at  the  USAF  School  of  Aerospace  Medicine 
by  R.  Hickman  and  others  (2)  the  evaluation  of  latent  and  unsymptomatic  CVD  through  routine 
non-invasive  methods,  is  not  as  reliable  as  was  once  thought.  The  fact  is  that  we  must  go 
on  to  ground  pilots  and  enforce  major  raid-life  change  of  careers,  on  something  which  now  and 
then  is  only  a  oualified  medical  estimate  of  risk  Increase. 

Is  it  possible  to  improve  this  risk  assessment,  and  thereby  keep  our  "false  positives" 
flying?  And  correspondingly,  is  it  possible  to  screen  out  those  individuals  in  which  true 
CVD  develops,  before  they  and  the  society  have  Invested  so  much  in  a  flying  career,  and 
thereby  achieve  that  fewer  "true  positives"  ever  fly? 

Prospective  studies. 


Several  large  scale  Scandinavian  prospective  studies  on  urban  populations  in  Oslo,  Troms0, 
Gothenburg  and  Stockholm  have  in  later  years  established  the  relative  quantitative  import¬ 
ance  of  cardiovascular  risk  factors  in  our  adult  male  population.  In  this  discussion  we 
will  relate  how  these  results  are  currently  transferred  into  guidelines  for  trainee  scre¬ 
ening  and  Pilot  classification  in  the  RNoAF.  We  think  it  is  possible  to  extrapolate  from 
this  current  enideml ilogical  research  to  our  aircrew  population 

a)  because  the  Norwegian  (and  Scandinavian)  population  is  numerically  small  and  rather  homo¬ 
genous  both  as  regards  life  style  patterns  and  genetical  background 

and 

b)  because  our  aeromedlcal  survey  system  is  small  and  centralised  and  an  in  depth  analysis 
of  each  prospective  or  flying  pilot  is  possible  at  all  times. 

The  national  pilot  population  is  in  itself  too  small  for  prospective  research  on  CVD  morbi¬ 
dity,  but  on  the  other  hand  constant  monitoring  and  individual  counseling  can  be  performed. 
Therefore  as  regards  prophvlactic  medicine  the  Air  Force  Medical  Service  seemp  to  have  much 
to  offer.  Also  of  considerable  scientific  interest  is  the  fact  that  any  discrepancies  be¬ 
tween  the  CVDrelated  clinical  parameters  eunong  pilots  and  the  general  population  can  readi¬ 
ly  be  discovered.  It  is  Important  for  us  to  rely  primarily  on  Scandinavian  studies  in  this 
field,  because  epidemiology  and  sociology  vary  so  much  from  country  to  country.  A  correla¬ 
tive  study  on  coronary  morbidity  in  Edinburgh  and  Stockholm  (2)  for  example  revealed 
cardiac  mortality  to  be  3  times  higher  in  Scottish  40  yr  old  men.  The  risk  factors  such  as 


body  weight,  blood  (systolic  and  diastolic)  oressures,  smoking  and  drinking  habits,  physical 
fitness,  blood  lipids  and  serum  cholesterol,  ECG  abnormalities  etc.  displayed  signlficart- 
ly  different  distributions  in  the  two  cities. 

The  Gothenburg  Study: 

The  correlation  between  various  risk  factors  and  subsequent  development  of  myocardial  in¬ 
farction  (MI)  has  been  well  brought  out  in  the  Gothenburg  study  (4),  7500  healthy  middle 
aged  men  have  been  followed  from  age  47.  A  multivariate  nomogram  between  three  risk  factors 
found  to  have  the  highest  correlation  with  subsequent  MI  is  shown  in  Fig.  1. 
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Fig.  1. 

The  crossing  point  between  the  BP-Cholestcrol  connecting  line  and  the  vertical  mid  line  is 
connected  horizontally  to  the  appropriate  smoking  pattern  column.  The  circled  numbers  then 
give  the  observed  percentage  of  individuals  who  developed  an  MI  in  a  10  yr  period. 

In  this  way  we  can  see  for  instance  that  a  healthy  male  of  age  47  who  smokes  more  than  25 
cigarettes  daily,  who  has  a  systolic  blood  pressure  of  180  mmHg,  and  displays  a  hyper¬ 
cholesterolemia  of  9  raraol/1  (348  mg/100  ml)  has  close  to  a  50%  chance  of  coming  down  with  an 
MI  within  the  next  10  yrs.  Would  you  fly  with  this  pilot? 

Assessing  cardiovascular  risk  levels. 

The  question  arises  where  on  a  scale  prospective  CVD  risk  do  you  ground  a  mldd''e  aged  pilot. 
Presumably  there  is  not  much  difference  of  opinion  in  the  hypothetical  50%  case  just  men¬ 
tioned.  But  what  about  a  borderline  hypertonic  (140  mmHg)  heavy  smoker  with  a  wrong  diet  for 
his  lipid  metabolism?  Even  he  has  a  39%  chance  of  developing  MI,  and  we  certainly  feel  that 
he  should  not  fly  without  certain  category  restrictions.  What  is  the  ’’normal"  in  this  risk 
evaluation? 

Let  us  take  the  nonsmoking,  normotensive,  with  an  average  (7  mmol/l  =271  mg/100  ml)  chole¬ 
sterol  level.  In  our  population  he  has  a  2%  chance  of  suffering  an  MI  in  the  next  10  yrs. 
These  figures  relate  to  actual  Mis  actually  suffered  by  middle  aged  men  in  Gothenburg  over 
the  last  decade,  the  data  certainly  are  not  speculative. 

If  we  accept  pilots  to  fly  with  a  5  times  ideal  risk  level, it  follows  that  we  must  do  some¬ 
thing  about  the  pilot  who  displays  a  risk  profile  that  puts  him  in  the  10%  bracket  over  the 
next  10  years.  What  sort  of  man  is  this?  From  our  nomogram  we  can  deduce  that  an  "average" 
heavy  smoker  (BP  135  mmHg,  Choi  7  mmol/l,  a  pack  dally)  falls  within  this  category.  And 
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if  he  doubles  his  smokinq  he  doubles  his  risk  level.  We  have  already  Instituted  adjust¬ 
ment/restrictions  in  flight  categories  on  the  basis  of  smoking  habits  alone,  and  feel 
that  these  data  bear  us  out  in  this.  In  fact,  a  hycothetfcal  pilot  who  would  be  grounded  by 
most  services,  namely  the  severe  hypertensive  (200  rnmHg)  nonsmoker  with  low  serum  cholesterol 
(5.5  mmol/1  =  216  mg/lOO  ml)  has  only  a  3%  chance  of  meeting  with  an  MI  during  next  decade. 
When  looked  at  as  univariate  functions  there  seems  to  be  an  almost  linear  correlation 
between  (ongoing)  smoking  frequency  and  subsequent  MI  development  (Exsmokers  fall  nearly 
in  the  seime  bracket  as  nonsmokers)  .  Similarly  the  systolic  BP/MI  incidence  plot  has  a  near 
linear  slope.  As  can  be  expected  from  newer  findings,  however,  the  effect  of  the  serum 
cholesterol  level  is  more  complex,  -  also  the  Gothenburg  study  in  its  preliminary  form  has 
not  yet  evaluated  the  Importance  of  the  HDL/LDL  ratio. 

The  conclusion  seems  inescapable  that  blood  chemistry  and  smoking  habits  must  be  brought  to 
focus  if  we  will  attempt  to  judge  the  CVD  risk  level  before  determining  a  pilot's  fitness 
for  flying.  Blood  pressure  can  obviously  no  longer  be  our  single  parameter. 

The  Oslo  Study: 

Several  research  centers  are  in  the  process  of  suggesting  guidelines  for  such  risk  level 
determination.  The  Oslo  study  (5)  which  is  a  prospective  study  on  16  200  men  from  age  40  - 
49,  has  employed  the  scheme  shown  in  Fig.  2  for  preliminary  evaluation. 
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Fig.  2. 

The  scores  for  sex,  smoking  habits,  systolic  blood  pressure  and  serum  cholesterol  are 
multiplied  to  give  the  total  score.  For  example  the  hypothetical  50  yr  old  male  pre¬ 
viously  mentioned  (with  a  50%  MI  probability)  would  score  5x4x4. 5x9. 5=  855,  whereas  the  so 
called  normal  (with  his  2%  MI  probability)  comes  out  with  5xlxlx3.5=  17.5.  These  scores 
have  demonstrated  remarkable  prognostic  power  in  the  8  years  that  the  Oslo  study  has  been 
under  way.  Although  we  have  not  finally  settled  on  any  given  risk  equation,  the  Aeromedical 
Board  of  RNoAF  has  decided  to  establish  a  contlnously  upgraded  CVD  risk  profile  for  each 
male  in  the  flying  community.  This  profile  will  be  monitored  judiciously  by  the  board  with 
the  main  emphasis  on  prevention  of  subsequent  manifest  CVD  through  individual  life  style 
counseling.  Adjustments  in  medical  flight  category  classlf icatlon  are  also  used  when 
necessary.  A  few  examples  of  this  policy  will  be  given  later  in  the  discussion. 

We  cannot  hope  through  this  limited,  epidemiological  effort  to  establish  any  direct  proof 
of  the  effect  that  risk  factor  change  might  have  on  CVD  incidence  -  but  must  as  the  rest  of 
the  medical  community  remain  hopeful  in  this  regard. 


Discussion 
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Let  us  now  examine  three  case  stories  which  Illustrate  various  aspects  in  the  shaping  of 
our  aeromedlcal  CVD  policies  In  Norway. 

Case  1: 

Major  H.M.  oeime  to  the  aeromedlcal  board's  attention  In  the  autumn  of  79  when  he  was  coming 
UD  for  his  annual  board  review.  He  was  then  a  46  years  old  fighter  pilot,  slightly  over¬ 
weight  (179  cm,  80  kg),  normotensive  chalnsmoker  (60  cig/dally) .  His  physical  fitness 
(measured  indirectly  as  max  O2  uptake)  had  fallen  to  borderline  levels  (30  ml/min/kg)  over 
the  last  years,  and  slightly  elevated  liver  enzymes  and  a  bout  of  gout  some  years  previously 
had  led  to  alcohol  Intake  counseling.  A  serum  cholesterol  level  of  325  mg/100  ml  had  been 
measured  some  years  ago.  He  had  varicose  veins,  took  no  exercise,  and  was  overdue  on  his 
(mandatory)  triannual  aviation  medicine  course. 

The  concept  of  risk  factor  level  computation  had  not  been  established  at  this  time.  Today's 
algorithm  would  give  him  a  score  of  5x6xlx7=  210,  and  the  Gothenburg  nomogram  would  give 
him  an  above  20%  chance  of  an  MI  within  the  next  10  yrs.  4  weeks  before  his  trianrual 
board  physical  examination  he  collapsed  of  an  acute  MI  while  flying  as  a  passenger  in  a 
Twin  Otter  commercial  plane,  and  died  the  same  day.  The  previous  day  he  had  flown  an  F  104. 
No  recent  complaints  had  been  given  to  the  local  flight  surgeon,  but  some  of  his  colleagues 
had  heard  him  talk  about  "giving  up  fighter  planes". 

Case  2: 

Cpt  T.N.  is  a  45  year  old  C130  H  pilot.  The  board  reviewed  his  annual  flight  physical 
examination  in  August  of  79  and  noted  an  unsatisfactory  CVD  risk  level  (again  on  general 
clinical  grounds) .  His  blood  pressure  which  had  been  normal  in  previous  years  had  risen 
to  150/90.  His  body  weight  had  Increased  slightly  (182  cm,  81  kg).  An  exercise  ECG  was 
normal,  but  his  physical  fitness  level  had  been  low  for  several  years  (28  ml/kg/mir) . 

His  cholesterol  level  had  been  measured  as  370  ml/lOOmg  some  years  ago,  and  he  smoked 
25  cigarettes  dally.  With  our  tentative  risk  level  algorithm  he  would  score: 

5x4x2.5x12=600,  and  (if  he  were  47)  the  Gothenburg  nomogram  would  give  him  a  10  yr  MI 
chance  of  48%. 

Since  he  was  always  flying  with  a  copilot  it  was  not  felt  that  he  needed  to  be  grounded 
Immediately,  but  he  was  given  personal  counseling  by  the  local  flight  surgeon  and  Informed 
by  the  board  that  a  restricted  flight  category  would  follow  within  a  6  month  period  if  the 
situation  then  was  similarly  unsatisfactory. 

4  months  later  he  suffered  an  MI  while  landing  in  inclement  weather  with  a  cargo  of  high 
explosives.  The  co-pilot  effectuated  a  safe  landing.  The  caotain  was  hospitalized  and 
has  made  an  uneventful  recovery.  He  has  also  given  up  smoking. 

Case  3: 

Lt.  Col  E.J.  was  reviewed  by  the  board  in  July  80.  He  is  a  43  yr  old  pilot  in  temporary 
staff  position  .  His  routine  flight  physical  shows  him  to  be  25%  overweight  (178  cm,  90  kg) , 
his  BP  is  130/85,  he  smokes  around  15  cigarettes  daily,  his  exercise  ECG  is  normal  (a 
partial  right  bundle  branch  block  and  left  eixls  pattern  is  noted  of  less  than  5  yrs  stand¬ 
ing)  .  Of  special  significance,  however,  is  his  cholesterol  level  (8.99  mmol/1)  and  his 
HDL  concentration  (  .79  ramol/1)  which  is  depressed  and  yields  a  possibly  pathological  (6) 
Chol/HDL  ratio  of  11.4.  His  triglycerides  are  also  elevated  (4.48  mmol/l) . 

His  risk  score  is  computed  to  5x2.5x1x9.5=713  (the  Gothenburg  nomogram  gives  16%  fcr  a  47  yr 
old  male  with  these  parameters) .  The  board  has  revoked  his  A1  category,  and  put  him  in  a 
(medical)  A2  restricted  flight  category  which  means  that  he  is  unable  to  be  in  control  of 
any  aircraft  (although  he  may  fly  as  a  back  up  co-pilot) .  He  is  given  a  personal  CVD  pre¬ 
vention  counseling,  and  strongly  encouraged  to  change  his  diet,  smoking  habits  etc. 

Three  months  after  the  Institution  of  these  lifestyle  changes  his  cholesterol  level  had 
dropped  to  6.9  ramol/1  (all  tests  evaluated  at  the  same  laboratory)  and  his  HDL  was 
0.9  mmol/l.  His  chol/HDL  ratio,  although  still  elevated,  has  thus  dropped  from  11.4  to  7.7. 
Most  significantly  his  smoking  is  now  cut  back  to  less  than  10  cigarettes  dally. 

New  testing  will  be  conducted  in  another  three  months,  and  the  board  will  then  review  his 
temporary  A2  flight  category. 


Pilot  Selection  Criteria. 


Since  CVD  has  an  insidious  onset,  and  develops  in  parallel  with  sociomedical  risk  factor 
patterns  over  more  than  two  decades.  It  seems  reasonable  to  perform  a  rather  thorough  cvD 
risk  factor  analysis  at  the  stage  of  flight  training  entry.  Such  a  policy  has  also  been 
recommended  by  the  British  Civil  Aviation  authorities  through  a  committee  set  up  by  the 
Royal  College  of  Physicians  (1). 

Surprisingly,  apart  from  cases  of  manifest  hypertension,  cardiovascular  risk  factors  seem 
not  to  have  an  important  place  in  most  selection  and  screening  procedures. 
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Since  1980  the  RNoAF  Aeromedical  Board  has  Introduced  guidelines  in  screening  of  its 
flight  trainees,  which  include 

a)  the  establishing  of  a  currerl:  CVD  risk  profile 

b)  a  thorough  cardiovascular  family  history 

c)  a  serum  cholesterol/lipid  profile. 

Labile  hypertension  (syst  BP  episodically  above  145)  or  stable  blood  pressures  measured 
repeatedly  above  140/90  are  causes  for  rejection.  This  criterion  alone  cancels  out 
about  15-20%  of  our  flight  training  applicants.  Although  nobody  can  prove  that  these 
individuals  are  the  same  20%  of  the  middle  aged  population  that  in  our  culture  go  on  to 
require  antihypertensive  medication,  it  seems  reasonable  to  employ  stricter  BP  criteria 
in  the  18-20  year  old  than  we  do  in  the  group  of  senior  commercial  pilots. 

Furthermore  a  Chol/HDL  ratio  above  1,  or  a  hyper-cholesteroleraia  concurrent  with  a  family 
history  of  early  Mis  will  be  disqualifying,  as  will  be  an  established  habit  of  heavy 
smoking  under  otherwise  borderline  risk  factor  patterns.  Echocardiograms  will  probably 
become  mandatory.  It  is  hoped  that  this  pattern  of  aeromedical  approach  will  reduce  the 
problems  caused  by  CVD  in  Norwegian  military  and  commercial  aviation. 
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DISCUSSION 

LANDOLT  (Canada) :  What  is  the  basis  for  such  a  marked  difference  in  the  score  between  men 
(score  =  5)  and  women  (score  =1)  in  the  Oslo  study? 

ALNAES:  The  scoring  system  of  the  Oslo  study  was  instituted  on  the  basis  of  the  known 
statistics  on  MI  victims,  and  there  still  are  5  times  as  triny  male  Mis  as  there  are  female 
Mis  in  our  40  to  50  age  group.  What  is  new  in  this  study  is  that  the  risk  factors  you 
have  10  years  before  developing  an  MI  have  been  shown  to  have  such  remarkable  predictive 
power.  For  exeimple  the  group  of  unsymptoraatic  40  year  olds  scoring  in  the  highest 
quintile,  turned  out  to  have  a  cardiovascular  mortality  rate  of  12  times  those  in  the 
lowest  quintile,  during  the  study  decade. 

GRAY  (Canada) :  Would  you  ground  a  pilot  solely  on  the  basis  of  the  risk  factor  analysis  - 
or  would  you  proceed  with  further  screening,  e.g.  thallium  or  angiography? 

ALNAES  Within  the  National  Health  Service  we  are  not  able  to  conduct  either  of  these 
diagnostic  investigations  on  wholly  unsyraptomatic  individuals.  On  the  other  hand  since 
our  air  force  has  a  multi  track  classification  system,  we  can  respond  very  elastically 
to  any  unfavourable  changes  in  an  airman's  risk  profile.  Temporary  restrictions  as 
mentioned  in  the  case  stories  would  certainly  come  before  an  actual  grounding  -  and  seem 
to  have  a  very  positive  effect  as  regards  positive  life  style  changes. 

ADOLPH  (UK)  In  the  prospective  population  studies  quoted  did  there  appear  any  "normal" 
level  of  smoking  habit? 

Was  there  a  positive  feunily  history  in  the  subjects  mentioned  in  your  case  stories? 

ALNAES:  There  seems  to  be  a  roughly  50%  incidence  of  smokers  among  middle  aged  Norwegian 
men.  Smoking  frequency  drops  with  Increasing  level  of  education.  Among  our  young  ollots 
there  are  fewer  than  10%  who  smoke  regularly,  -  in  the  flying  community  as  a  whole,  the 
incidence  may  be  closer  to  20%.  -  Family  histories  were  not  positive  in  any  of  the  case 
story  subjects. 
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SUMMARY 

Thallium-201  exercise  myocardial  perfusion  scintigraphy  was  accomplished  in  130  aircrew  members  prior  to 
their  undergoing  coronary  angiography.  Most  were  undergoing  cardiac  catheterization  for  an  abnormal  exer¬ 
cise  response  to  treadmill  testing.  Of  these,  22  men  had  arteriographic  evidence  of  obstructive  coronary 
disease  of  at  least  50%  neurrowing  in  a  single  vessel.  All  had  abnormal  myocardial  scintigrams.  There  were 
12  other  aviators  who  had  minimal  degrees  of  coronary  artery  disease  with  lesions  less  than  50%  as  the  max¬ 
imum  degree  of  obstruction.  Of  these,  8  had  abnormal  thallium  scans  showing  a  perfusion  defect  in  the  area 
of  the  myocardium,  presum£d3ly  supplied  by  the  diseased  coronary  artery.  Of  the  96  men  with  normal  angio¬ 
grams,  only  4  had  abnormal  myocardial  scintigraphy.  An  abnormal  myocardial  scintigram  was  often  associated 
with  significant  obstructive  disease.  A  normal  scan  accurately  ruled  out  the  presence  of  high-grade  obstruc¬ 
tive  lesions  and  missed  only  4  cases  of  minimal  coronary  disease.  The  application  of  gated  thallium  myocar¬ 
dial  perfusion  scans  in  the  practice  of  aerospace  cardiology  has  important  significant  applications  for 
followup  of  therapeutic  modalities  as  well  as  screening  for  evidence  of  myocardial  ischemia  in  apparently 
healthy  aircrew  members. 


INTRODUCTION 

Coronary  arteriosclerotic  heart  disease  is  the  major  nontraxunatic  cause  of  death  in  USAF  aircrew  members. 
Approximately  50%  of  all  referrals  to  the  Aeromedical  Consultation  Service  of  the  USAF  School  of  Aerospace 
Medicine  are  for  potential  cardiovascular  problems.  The  majority  of  these  are  referred  for  electrocardio¬ 
graphic  abnormalities  discovered  either  at  rest  or  exercise.  Until  recently,  exercise  electrocardiography 
was  used  ds  a  screening  technique  for  the  presence  of  latent  asymptocnatic  coronary  artery  disease  in  these 
apparently  healthy  men  and  for  clarifying  the  significance  of  nonspecific  electrocardiographic  abnormali¬ 
ties.  In  our  experience,  an  abnormal  electrocardiographic  response  to  exercise  is  associated  with  the  risk 
for  subsequent  coronary  events  that  is  14  times  greater  than  men  with  normal  stress  electrocardiograms  (1). 
Although  an  abnormal  stress  electrocardiogram  identifies  many  individuals  at  risk,  only  20  to  40%  of  aircrew 
members  who  undergo  coronary  arteriography  because  of  an  eibnormal  stress  test  have  arteriographic  coronary 
artery  disease  (2,  3).  Obviously,  mislabelling  so  many  "false  positives"  as  having  asymptomatic  coronary 
artery  disease  is  counterproductive  from  a  legal,  psychological,  and  aercxnedical  standpoint.  Radioactive 
tracer  techniques  which  allow  identification  of  jeopardized  myocardium  or  myocardial  scar,  have  provided  a 
new  approach  to  the  noninvasive  assessment  of  coronary  artery  disease  (4,  5,  6,  7).  Myocardial  imaging  with 
thallium-201  at  peak  stress  and  again  at  reperfusion  has  been  shown  to  be  an  accurate  means  of  detecting 
coronary  artery  disease  in  symptcxnatic  populations  (5-9).  A  previous  report  (10)  from  this  laboratory  con¬ 
cluded  that  thallium  myocardial  scintigraphy  could  not  replace  coronary  arteriography  in  the  diagnosis  and 
evaluation  of  disease  progression  in  asymptomatic  aircrew  members.  Since  that  time,  major  advancements  have 
been  made  in  the  processing  of  thallium  myocardial  images  at  USAFSAM  in  the  evaluation  of  regional  blood 
flow.  The  distribution  of  the  radioactive  tracer  within  the  myocardium  is  dependent  upon  regional  blood 
flow,  its  extraction  by  the  myocardium,  and  its  net  deflux.  At  rest,  its  distribution  is  uniform  unless 
there  is  a  significant  high-grade  obstruction  or  previous  loss  of  myocardial  cells  due  to  a  myocardial 
infarction  represented  by  a  "cold  spot"  on  the  scintigraphic  image.  Coronary  obstructive  lesions  which  do 
not  compromise  coronary  blood  flow  at  rest  can  be  detected  if  the  tracer  is  administered  when  the  myocardial 
demand  resulting  from  exercise  stress  exceeds  the  coronary  artery  reserve.  Resting  defects,  which  increase 
in  size  as  a  result  of  exercise,  suggest  the  presence  of  additional  ischemia  in  the  area  of  a  myocardial 
infarction. 

To  determine  whether  thallium-201  myocardial  perfusion  scintigraphy  is  a  useful  screening  tool  in  an  asymp¬ 
tomatic  population  with  very  low  pretest  likelihood  of  disease,  single  dose  stress  and  delayed  thallium-201 
scintigrams  were  performed  in  asymptomatic  USAF  aircrew  members  who  were  undergoing  evaluation  at  USAFSAM. 
The  purpose  of  this  study  was  to  reevaluate  the  usefulness  of  thallium  scintigraphy  in  excluding  the  diag¬ 
nosis  of  coronary  artery  disease  and  possibly  precluding  the  need  for  coronary  angiography. 

METHODS 

Patient  selection:  The  patients  were  130  aircrewmen  who  were  studied  with  oronary  arteriography  because  of 
serial  electrocardiographic  cdsnormalities,  usually  ST-T  wave  changes,  and/or  an  abnormal  ST  segment  response 
to  maximal  exercise  stress  testing.  Those  aircrew  members  who  were  found  to  be  free  of  significant  coronary 
artery  disease  were  returned  to  flying  duty  while  the  remainder  were  removed  from  active  flying  status  for 
aeromedical  safety  reasons.  All  patients  were  free  of  any  symptans  suggestive  of  angina  pectcris,  and  fur¬ 
ther  denied  any  clinical  problems  related  to  the  c^u:diova8cular  system  upon  meticulous  history- taking.  All 
130  patients  were  men  whose  mean  age  was  41.6  14.9  years  (range  32-56  years).  No  patient  had  clinical  or 
electrocardiographic  evidence  of  a  prior  myocardial  infarction  and  none  were  receiving  medications. 

Exercise  testing  protocol;  All  exercise  tests  were  j>erformed  after  an  overnight  fast.  The  patients  com¬ 
pleted  a  symptcxR- limited  treadmill  exercise  test  using  a  constant  treadmill  speed  of  3.3  miles  per  hour  with 
the  incline  increasing  by  5*  every  third  minute.  Electrocardiographic  data  from  leads  X,  CM5,  Y  and  Z  were 
recorded  continuously  on  electrocardiographic  paper  and  analogue  magnetic  tape.  The  entire  treadmill  was 
reviewed  minute  by  minute  during  the  following  conditions:  pre-exercise,  supine,  standing,  and  hyperven¬ 
tilation;  throughout  exercise;  and  during  at  least  8  minutes  of  recovery.  All  patients  were  encouraged  to 
exercise  to  their  maximal  effort.  Nearly  all  patients  achieved  85%  of  the  predicted  meiximal  heart  rate  for 


their  age,  with  only  5  patients  stopped  by  the  monitoring  physician  because  of  marked  (greater  than  0.4  mv) 

ST  segment  depression  at  submaximal  levels  of  stress.  All  other  patients  were  exercised  to  symptoms  of 
breathlessness  or  leg  fatigue,  and  none  complained  of  cheat  pain.  All  exercise  electrocardiograms  were  of 
good  quality  and  none  were  considered  uninterpretable. 

The  resting  and  stress  electrocardiograms  were  interpreted  in  a  blinded  fashion  by  two  cardiologists 
without  knowledge  of  angiographic  or  scintigraphic  results.  Ihe  stress  electrocardiogram  was  classified  as 
positive  for  ischemia  if  there  was  horizontal  or  downsloping  ST  segment  depression  of  0.1  mv  or  more  at 
least  80  msec  from  the  J  point.  If  ST  segment  changes  were  present  at  rest,  an  additional  0.1  mv  of  ST 
segment  depression  beyond  the  baseline  ST  segment  level  was  required  to  label  the  test  as  abnormal. 

Scanning  methods:  Myocardial  perfusiou  scintigraphy  was  performed  on  all  130  patients  on  the  day  following 
routine  maximal  exercise  tolerance  test.  After  an  overnight  fast,  an  intravenous  line  was  inserted  percu- 
taneously  into  an  antecubltal  vein  and  kept  patent  with  an  intravenous  Infusion  of  normal  saline.  A  repeat 
exercise  test  was  performed  using  a  protocol  identical  to  the  previous  day's  test.  Two  mCi  of  thallium-201 
were  injected  approximately  one  minute  before  the  maximum  stress  that  was  achieved  on  the  previous  day*s 
treadmill.  The  thallixim  dose  was  flushed  with  10  cc  of  normal  saline  and  the  patient  was  encouraged  to 
continue  walking  for  one  minute  after  injection.  No  recovery  tracings  were  obtained  unless  a  significant 
stress  arrhythmia  occurred  in  the  last  minute  of  exercise.  Myocardial  scintigraphy  was  initiated  within 
6  minutes  after  the  thallium  injection.  The  patient  was  placed  supine  and  images  were  recorded  in  the  ante¬ 
rior,  22^  LAO,  45**  LAO,  and  67*  LAO  positions,  using  a  single  crystal  scintillation  camera  (Searle  PhoGamma 
IV}  equipped  with  a  high  sensitivity  collimator.  The  images  were  recorded  with  the  3  windows  of  thallium 
activity  encompassing  the  mercury  x-rays  as  well  as  the  ganna  emissions.  Iimnediate  postexercise  images  in 
each  view  were  obtained  for  a  preset  interval  of  360  seconds  in  the  gated  mode,  yielding  a  total  accumulation 
of  500,000  to  700,000  counts  in  the  entire  image,  with  approximately  250,000  to  375,000  counts  over  the  myo¬ 
cardium. 

Multigated  imaging  sequences  were  collected  at  15  msec  per  fraune  by  means  of  a  physiologic  synchronizer 
(Brattle  Instruments)  interfaced  with  a  digital  COTiputer  system  (Medical  Data  Systems  -  Modumed).  Each  R 
wave  was  regarded  as  the  beginning  of  a  cardiac  cycle.  The  acquisition  program  measured  the  average  R-R 
interval  over  several  hundred  cycles,  repeated  in  all  four  projections.  The  gated  thallium  scan  was  line¬ 
arly  amplified  to  1.7  times  normal,  yielding  an  effective  resolution  of  109  x  109  matrix  points  for  presen¬ 
tation.  Contrast  enhancement  was  performed  by  a  floating  9-point  smooth  and  background  subtraction  was 
autcsnatically  performed  by  a  computer  algorithm  in  which  the  background  counts  were  determined  outside  the 
areas  of  the  right  and  left  ventricular  images.  Background  subtraction  was  never  more  than  25%.  The 
delayed  and  exercise  images  were  normalized  automatically  to  the  region  of  maximal  count  density  in  the 
initial  scans.  The  scintigraphic  images  were  acquired  directly  into  the  computer  core  and  replayed  from  the 
computer  after  the  study  was  c<xnpleted.  The  c<xnputer  created  multigated  images  and  presented  them  either  as 
a  composite  of  end-systolic  and  end-diastolic  frames  or  end-diastolic  and  end-systolic  images  presented  as 
synchronized  serial  images  in  a  cinematic  format  in  differential  color  graphics. 

Interpretation  of  myocardial  scintigrams:  The  myocardial  perfusion  images  were  reviewed  on  the  videoscreen 
with  the  initial  and  delayed  Images  displayed  side  by  side  for  comparison  in  each  projection.  Two  indepen¬ 
dent  observers  interpreted  the  scans  prior  to  angiography.  Disagreements  in  interpretation  were  discussed 
and  a  final  reading  agreed  upon.  Each  region  of  the  myocardium  was  subjectively  scored  as  to  visual  count 
density.  A  reversible  defect  was  defined  as  an  improvement  in  the  tracer  activity  from  postexercise  to 
delayed  images  in  any  ventricular  segment.  A  persistent  defect  was  interpreted  as  representing  a  myocardial 
scar.  Small  static  defects  seen  at  the  apex  were  coimnon  and  were  always  considered  normal  unless  they  rep¬ 
resented  an  area  of  reversible  ischemia  associated  with  a  larger  static  or  reversible  filling  defect  in  an 
adjacent  wall  of  the  myocardium. 

Coronary  angiography:  Selective  coronary  arteriography  was  performed  in  multiple  projections  using  the 
Judkins  technique.  The  angiograms  were  read  blindly,  without  knowledge  of  the  clinical  findings.  The* 
patients  were  considered  to  have  significant  coronary  artery  disease  if  one  of  the  major  coronary  arteries 
or  its  branches  had  a  50%  or  greater  narrowing  of  the  diameter  of  the  vessel.  This  classification  was  a 
result  of  a  consensus  of  two  observers. 

RESULTS 

The  results  from  the  entire  study  group  were  summarized  in  Table  I.  The  130  patients  were  classified 
into  three  groups  based  on  the  results  of  coronary  angiography.  Group  I  consisted  of  96  patients  (74%) 
with  a  completely  normal  selective  coronary  angiogram,  but  with  abnormal,  symptom- limited  exercise  toler¬ 
ance  test.  Of  these,  92  had  normal  stress  and  delayed  thallium  scintigrams  without  evidence  of  reversible 
ischemia  or  static  myocardial  perfusion  defects.  Four  thallium  scintigrams  in  Group  I  were  falsely  posi¬ 
tive.  The  most  common  area  associated  with  the  false  positive  scan  was  the  inferior  septal  wall  in  the  22* 
LAO  projection.  This  particular  defect  was  seen  on  3  scintigrams,  with  the  other  false  positive  defect  seen 
in  the  septal  region  on  the  45*  LAO  projection.  There  were  no  anterior  or  strictly  Inferior  wall  false  pos¬ 
itive  defects. 

Table  I.  ANGIOGRAPHIC  GROUP 


Group  I 

Group  II 

Group  III 

NORMAL 

MINIMAL  CAD 

CAD 

Abnormal 

4 

8 

22 

Thallium  scintigraphy 

Normal 

92 

4 

0 

Group  II  consisted  of  12  men  with  minimal  or  subcrltical  coronary  artery  disease  (less  than  50%  luminal 
diameter  stenosis  in  a  single  vessel).  Group  II  had  equivocal  results  on  thallium  myocardial  perfusion  scin¬ 
tigraphy.  Eight  of  these  patients  (75%)  had  a  reversible  perfusion  defect  in  the  area  of  myocardium  distal 
to  the  minimal  coronary  stenosis.  Three  of  these  8  patients  had  2  perfusion  defects  on  thallium  scintigraphy 
which  correlated  with  double  vessel  minimal  coronary  lesions.  The  remaining  5  abnormal  thallium  scintigrams 
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revealed  inferior  wall  ischemia,  which  was  associated  with  minimal  coronary  artery  disease  of  the  right 
coronary  artery.  Four  cases  of  subcritical  coronary  artery  disease  had  normal  thallium  scintigrams. 

Group  XII,  the  22  patients  with  significant  coronary  artery  disease,  all  had  abnormal  thallium  scans. 

Of  these,  2  patients  had  single  vessel  disease,  II  had  double  vessel  disease,  and  9  had  triple  vessel  dis- 
ease.  When  the  myocardial  scintigrams  were  evaluated  region  by  region,  all  but  one  significant  coronary 
artery  stenosis  were  associated  with  an  appropriately  located  perfusion  defect  in  the  left  ventricular 
region.  One  patient  with  double  vessel  coronary  artery  disease  had  an  30%  lesion  in  a  large  diagonal  branch 
of  the  left  anterior  descending  coronary,  which  was  unassociated  with  a  perfusion  abnormality.  However,  the 
scintigram  in  this  patient  was  abnormal,  showing  an  inferior  wall  perfusion  defect  associated  with  a  60% 
narrowing  of  the  right  coronary  artery. 

The  stemdard  statistical  calculations  from  these  data  are  presented  in  Table  II. 


Table  II.  DEFINITION  OP  ABNORMAL 


Group  I  Group  II 

Normal  Minimal  CAO  vs 

(n-loa) 

Group  III 

CAD 

(n=22) 

Group  I 
Normal 

(n=96> 

Group  II  Group  III 

vs  Minimal  CAD  -f  CAO 

(n=34) 

Sensitivity 

22/22 

100% 

30/34 

(BB%) 

Specificity 

96/108 

39% 

92/96 

(96%) 

Predictive  value 

22/34 

65% 

30/34 

(BB%) 

Prevalence  of  diseexse 

22/130 

17% 

34/130 

(26%) 

Post-test  likelihood  of 

disease  if  test  is: 

Normal 

0% 

4.2% 

Abnormal 

63% 

B0% 

Three  asymptomatic  men  with  significant  coronary  artery  disease  were  discovered  to  have  suffered  a 
silent  inferior  wall  myocardial  infarction.  None  of  these  men  had  significant  electrocardiographic  Q  waves 
and  none  of  them  had  a  previous  event  suggestive  of  a  myocardial  infarction.  All  had  shown  inferior  or 
inferior-posterior  static  defects  on  thallium  n^ocardial  perfusion  scintigraphy  which  correlated  with  a 
100%  occlusion  of  the  right  coronary  artery  and  an  akinetic  segment  of  the  inferior  or  posterior  wall  on 
left  ventriculography. 

DISCUSSION 

One  of  the  most  important  applications  of  noninvasive  tests  to  detect  reversible  ischemia  is  in  the 
evaluation  of  those  patients  who  have  no  historical  or  objective  evidence  of  coronary  artery  disease. 
Detection  of  coronary  atherosclerosis  in  asymptomatic  patients  offers  clinicians  the  opportunity  to  assess 
the  nacural  history  of  coronary  artery  disease  and  possibly  intervene  with  preventive  measures  before  the 
onset  of  clinical  events.  Given  a  clinical  level  of  suspicion  for  disease,  the  selection  of  which  diagnoS'- 
tic  test  to  perform  depends  not  only  on  the  probability  of  disease  within  the  population,  but  also  upon  the 
likelihood  of  disease  being  present  if  the  test  is  abnormal  (11).  In  clinical  medicine,  it  is  often  unwise 
to  extrapolate  from  findings  in  one  population  to  another,  especially  when  comparing  data  from  hospitalized 
patients  to  an  asyn^ttomatic  group.  Therefore,  the  predictive  accuracy  of  each  test  should  be  determined  on 
the  population  in  question. 

The  most  common  noninvasive  method  to  detect  coronary  artery  disease  is  6d>normal  ST  segment  response 
to  exercise  electrocardiography.  Unfortunately,  the  predictive  value  of  the  ST  segment  response  is  30-45% 
in  an  asymptomatic  population,  as  compared  to  a  much  higher  predictive  value  reported  in  studies  of  patients 
evaluated  for  chest  pain  (1-3,  12).  Recently  thallium  myocardial  perfusion  scintigraphy  has  been  used  to 
determine  whether  an  abnormal  stress  test  or  a  chest  pain  syndrome  is  due  to  coronary  artery  disease.  Pre¬ 
liminary  results  with  small  numbers  of  patients  have  suggested  that  myocardial  scintigraphy  has  a  much  higher 
predictive  value  than  stress  electrocardiography  in  asymptomatic  patients.  Hamilton,  et  al,  recently  applied 
Bayes'  theorem  to  the  results  of  thalliiim  scintigraphy  to  define  Its  usefulness  and  limitations  in  coronary 
artery  disease  (13).  His  study  was  based  on  clinical  studies  which  were  ccxnbined  and  compared  their  results 
to  the  electrocardiographic  response  to  exercise  testing  to  stress  thallium-201  myocardial  perfusion  scin¬ 
tigraphy.  These  and  other  investigators  have  concluded  that  patients  with  classic  euigina  pectoris  are  not 
candidates  for  thallium  scintigraphy  because  the  probability  of  disease  in  this  population  is  so  high  that 
the  results  of  perfusion  scintigraphy  add  little  useful  diagnostic  information  since  the  probability  of  dis¬ 
ease  in  t'hese  patients  is  high  (13-15).  Other  authors  have  felt  that  the  seune  theoretical  considerations 
would  1»  '  to  conclude  that  screening  for  coronary  artery  disease  with  thallium  scintigraphy  in  an  asymp- 
tomatir  '  cion,  even  if  the  stress  electrocardiogram  is  abnormal,  is  likewise  unwarranted  (13-17). 

•esent  study,  the  predictive  value  of  thallium  scintigraphy  was  increased  to  65%  over  exercise 
stress  ,  representing  a  marked  Improvement  over  the  predictive  value  of  stress  testing  alone.  This 

xmproveme.  -  seen  in  a  population  without  previously  recognized  myocardial  infarctions,  although  three 
patients  hac  vd  perfusion  ed>normalities  and  were  found  to  have  akinetic  segments  on  ventriculography. 
Recently  the  application  of  thallium  scintigraphy  has  been  deemed  most  appropriate  in  selective  subgroups 
of  patient  populations.  Data  from  Hamilton,  et  al,  suggested  that  thallium  scintigraphy  is  most  useful  in 
patients  with  a  pretest  likelihood  of  disease  in  the  range  of  40-00%  (13).  These  investigators  concluded 
that  with  a  disease  prevalence  of  20%,  the  probability  of  disease  was  less  than  50%  using  a  combination  of 
both  ST  segment  abnormalities  on  exercise  testing  and  the  presence  of  thallium  scintigraphic  defects  as 
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their  diagnostic  criteria.  Other  authors  have  felt  that  thallium  scintigraphy  is  useful  in  the  evaluation 
of  those  with  atypical  chest  pain  syndrome  in  order  to  rule  out  the  diagnosis  of  coronary  artery  disease 
(16,  17,  19-21).  McCarthy  and  associates  (17)  recently  reviewed  their  experience  with  patients  with  inade¬ 
quate  treadmill  tests  defined  as  those  who  did  not  reach  85%  of  maximum  predicted  heart  rate,  those  with 
intraventricular  conduction  defects,  or  those  with  exercise-induced  chest  pain  but  no  ST  segment  depression. 
They  found  that  thallium  scintigraphy  improved  their  predictive  accuracy  in  these  patients,  but  was  not  more 
accurate  them  exercise  electrocardiographic  criteria  alone  when  the  treadmill  test  was  adequate  and  diagnos¬ 
tic,  Similar  studies  (16,  20)  have  concluded  that  thallium  scintigraphy  is  primarily  indicated  for  patients 
with  inadequate,  uninterpretedile,  or  equivocal  stress  tests. 

Unlike  previous  studies,  our  patient  population  was  asyn^tomatic  and  thus  had  a  low  prevalence  of 
significant  coronary  artery  disease.  However,  all  had  an  abnormal  ST  segment  response  to  symptom-limited 
exercise  electrocardiographic  stress  testing.  None  of  our  patients  were  taking  propranalo) ,  digitalis,  or 
other  preparations  and  all  had  normal  serum  potassium,  all  of  which  would  be  likely  to  affect  the  interpre¬ 
tation  of  ST  segment  response  to  exercise.  None  had  any  electrocardiographic  abnormalities  such  as  left 
bundle  branch  block  which  make  the  tracing  uninterpre table.  Initially,  it  was  assumed  by  us  that  the  sen¬ 
sitivity  of  thallium  scintigraphy  in  our  population  would  be  less  than  that  as  reported  by  others.  However, 
the  high  sensitivity  emd  specificity  found  in  this  population  suggested  thallium  scintigraphy  can  be  used 
accxirately  to  detect  coroneuiy  artery  disease  in  an  asymptomatic  population.  It  may  also  be  used  to  deter¬ 
mine  whether  or  not  certain  subsets  of  patients  with  no  symptoms  or  probable  nonischemic  chest  pain  syndromes 
should  undergo  coronary  angiography.  Importantly,  we  found  that  a  normal  thallium-201  myocardial  perfusion 
scintigram  was  reliable  in  excluding  the  diagnosis  of  significant  coronary  artery  disease  in  asymptomatic 
patients  who  have  an  abnormal  ST  segment  response  to  exercise. 

Our  results  correlate  well  with  the  small  numbers  of  asymptomatic  patients  in  other  studies  who  had 
catheterization  findings  correlated  with  perfusion  scintigraphy  (22-25).  The  prevalence  of  coronary  artery 
disease  in  the  other  studies  referenced  ranged  from  33-71%,  with  an  overall  prevalence  of  55%  combining  all 
studies.  The  results  of  thallium  scintigrams  were  extremely  accurate,  documenting  a  perfusion  defect  in  34 
of  36  patients  with  coronary  artery  disease.  The  prevalence  of  disease  in  our  population  (17%)  was  much 
lower  than  in  any  of  the  previous  studies,  and  yet  the  predictive  accuracy  of  thallium  perfusion  defects  was 
quite  coR^eurable. 

The  patients  in  group  II,  those  with  minimal  or  subcritical  coronary  stenoses,  had  equivocal  results 
with  myocardial  perfusion  scintigraphy.  Recently,  Massie,  et  al  (26),  reported  that  perfusion  abnormalities 
were  much  more  likely  to  be  present  on  thallium  perfusion  imager  if  they  were  associated  with  severe  steno¬ 
ses  rather  them  moderate  or  minimal  lesions.  Most  clinical  studies  would  include  such  patients  in  the  nor¬ 
mal  category.  Mews,  et  al  (27),  reported  their  experience  with  13  patients  with  coronary  artery  narrowings 
between  30-45%  in  a  single  coronary  vessel.  Seven  of  their  patients  had  appropriately  located  defects  on 
thallium  scintigrams.  Pohost,  et  al  (28),  had  similar  results  with  10  of  18  patients  with  25-50%  lesions 
having  em  abnormal  thallium  scan.  In  addition,  12  of  48  patients  with  lesions  less  than  25%  had  an  abnor¬ 
mal  myocardial  perfusion  image.  In  our  study,  8  of  the  12  men  with  minimal  coronary  artery  disease  had 
abnormal  thallium  exercise  images  in  a  distribution  appropriate  for  the  involved  vessel.  The  specificity 
of  perfusion  scintigraphy  is  lowered  when  patients  with  Isolated  minimal  coronary  artery  disease  are  inclu¬ 
ded  in  the  control  group.  Although  these  lesions  have  been  assumed  to  have  little  clinical  importance,  it 
has  been  documented  that  less  severe  coronary  artery  stenoses  can  be  associated  with  impaired  blood  flow 
during  conditions  such  as  exercise  which  affect  coronary  vascular  resistemce  (29).  Thus,  it  may  be  inappro¬ 
priate  to  classify  these  abnormal  thallium  scans  as  "false  positive  scans"  since  decreased  coronary  artery 
perfusion  has  been  described  with  such  subcritical  lesions  using  Xenon-133  washout  techniques  (30).  The 
clinical  significance  of  such  stenoses  is  uncertain  and  actually  may  reflect  an  underestimation  of  the 
angiographic  significance  of  disease,  since  the  reliability  of  arteriograms  in  differentiating  subcritical 
from  significant  lesions  is  not  known. 

Thallium  scintigraphy  can  be  used  serially  to  follow  patients  with  minimal  coronary  artery  disease  that 
have  been  allowed  to  fly  under  USAF  medical  service  waiver  policies.  This  modality  appears  to  he  an  ideal 
method  to  follow  these  patients  on  an  annual  basis  and,  hopefully,  to  be  able  to  detect  emy  significant 
change  in  their  functional  coronary  artery  disease.  In  addition,  newer  techniques  in  therapy  for  moderate 
degrees  of  coronary  artery  disease,  including  the  possibility  of  percutaneous  tremsluminal  angioplasty  in 
the  future,  could  be  readily  followed  on  an  annual  basis  using  thallium  scintigrams,  with  the  high  preva¬ 
lence  >jf  false  positive  ST  segment  responses  to  exercise  occurring  in  asyn^tomatic  aircrew,  the  use  of 
thallium  scintigraphy  should  be  considered  as  an  alternative  to  performing  coronary  angiography  in  asympto¬ 
matic  aircrew  members  with  abnormal  treeuiraill  tests  but  normal  thallium  scintigrams.  The  current  standard 
of  practice  at  USAFSAM  in  patients  under  the  age  of  35  with  no  other  recognizable  coronary  artery  disease 
risk  factors  has  been  to  forego  coronary  arteriography  if  myocardial  perfusion  scanning  was  normal. 

CONCLUSION 

Gated  thallium  myocardial  scintigrams  accurately  separate  asymptomatic  men  with  abnormal  treadmills  into 
those  with  and  without  coronary  artery  lesions.  Gated  thallium  scintigrams  can  identify  minimal  coronary 
artery  disease  and  gated  thallium  scans  presented  in  a  cinematic  format  accurately  augment  the  treadmill 
in  the  discovery  of  latent  coronary  artery  lesions.  The  application  of  gated  thallium  myocardial  perfu¬ 
sion  scintigraphy  in  the  practice  of  aerospace  cardiology  appears  to  have  a  bright  future  and  many  important 
applications  for  followup  of  newer  therapeutic  modalities  as  well  as  the  detection  of  latent  coronary  artery 
disease  in  aircrew  members  in  which  aeromedical  safety  is  paramount. 
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SUMMARY 


Seventeen  pilots  of  the  Hellenic  Air  Force  and  twenty  two  Airline  pilots  are  main¬ 
tained  on  flying  status  although  presenting  with  the  following  heart  problems;  Left 
anterior  hemiblock  (7), left  anterior  hemiblock  with  incomplete  right  bundle  branch 
block  (4), complete  right  bundle  branch  block  (2), first  degree  atrioventricular  block 
(1), coronary  sinus  rhythm  (2), multiple  ectopic  atrial  beats  (4), ectopic  ventricular 
beats  ( 1 ), repolarization  changes  with  negative  exercise  testing  (9), arterial  hyper¬ 
tension  under  therapeutic  control  (5) ,old  myocardial  infarction  with  successful  revas¬ 
cularization  (2), old  anterior  infarction  with  normal  right  and  circumflex  coronary 
arteries  (1),and  mild  aortic  insufficiency  (1).None  of  these  cases  presented  additional 
abnormality  and/or  cardiac  event  during  the  follow-up  period. 

INTRODUCTION 

It  is  well  known  that  a  number  of  flyers  with  cardiological  problems , such  as  repola¬ 
rization  changes / conduction  defects , rhythm  abnormalities, hypertension, are  maintained 
on  flying  status  if  the  successive  complete  medical  evaluation  is  normal. The  Follow-up 
nf  these  flyers  for  an  indefinite  period  of  time  is  important  because  it  gives  the 
possibility  to  follow  the  physical  history  of  cardiac  abnormalities  in  a  select  group 
of  subjects. In  this  study, we  reviewed  the  medical  files  of  active  Airline  pilots  and 
Jfcllenic  Air  Force  Flyers, in  order  to  determine  a)  how  many  art  maintained  on  flying 
status  although  presenting  with  cardiac  abnormalities  and  b)  the  evolution  of  these 
abnormal i ties. 

M/^TERIAL  AND  METHODS 

In  Greece , Ai r i ine  and  HAF  pilots  are  subjected  to  a  periodic  medical  examination 
every  six  and  twelve  months , respect! vely . Flyers  with  cardiological  problems  are  admitted 
to  the  hospital  for  a  thorough  medical  evaluation. A  number  of  these  flyers  with  cardiac 
abnormalities, including  repolarization  changes, arterial  hypertension, conduction  and 
rhythm  abnorna 1 it ies , valvular  disease, are  maintained  on  flying  status  if  the  ensuing 
medical  evaluation  is  normal. The  flying  status  of  these  flyers  is  contingent  on  success 
fully  completing  non-invasive  reexaminations  at  the  HAF  Aeromedical  Center. In  this 
study  we  reviewed  the  medical  files  of  active  Airline  and  HAF  pilots. The  earliest  year 
in  which  complete  records  were  available  for  review  was  1 969 . Information  derived  from 
each  file  included  age, flying  status, cardiac  diagnosis, evolution  of  cardiac  abnormality 
The  following  major  diagnost.ic  categories  were  utilized  for  this  report; 

1)  Atherosclerotic  heart  disease, 2) Hypertensive  disease,!)  Cardiac  rhythm  abnormalities, 
4)  Conduction  defects, 5)  ECG  repolarization  changes, 6)  Valvular  heart  disease. 

RESULTS 


Tables  1  &  2  present  the  number, age  and  years  of  follow-up  of  Airline  and  HAF 
pilots  with  heart  problems . Conduct  ion  abnormalities  wore  noted  in  14  cases  (  1%  ); 
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seven  cases  had  left  anterior  hcmiblock , four  left  anterior  hemiblock  witii  incomplete 
RBBB  two  complete  RBBB  and  one  had  first  degree  A-V  block. The  follow-up  period  was 
5  tc  10  years  and  none  of  these  cases  developed  any  progression. The  subjects  with  LAH 
and  LAH  with  incomplete  RBBB  were  not  subjected  to  any  kind  of  specific  medical  examinat- 
ion.Rhythm  abnormalities  were  noted  in  7  cases. The  follow-up  period  was  5  to  10  years. 
None  of  these  subjects  with  atrial  and/or  ventricular  premature  beats  presented  coronary 
disease  or  any  other  abnormality  during  the  observation  period. 

Repolarization  changes  with  a  negative  history  for  angina  and  negative  exercise  testing 
were  found  in  9  cases  ( 0 , 6 %). During  the  follow-up  period  of  4  to  10  yearS/One  asympto¬ 
matic  subject  presented  with  a  positive  exercise  testing  and  the  performed  angiogram 
showed  a  90%  obstruction  of  the  right  coronary  artery. 

Mild  arterial  hypertension  (150/100  to  1 70/ 1 1 0 ), control led  by  therapy, was  noted  in 
5  cases. All  these  subjects  have  been  granted  waivers  to  continue  flying  duties  for  the 
past  5-8  years. An  Airline  pilot  50  years  old  had  an  anterior  myocardial  infarction  six 
years  ago .Angiography  showed  obstruction  of  the  left  anterior  descending  artery  with 
recanalization, and  normal  right  and  circumflex  coronary  arteries . Since  that  time, the 
pilot  has  been  on  flying  status. A  new  angiogram  was  performed  last  year, which  did  not 
show  any  progression  of  the  disease. 

Two  Airline  pilots  with  an  old  myocardial  infarction  underwent  a  by-pass  operation. 

Two  years  later, they  were  granted  waivers  based  on  the  angiographically  proven  patency 
of  the  grafts  and  on  the  normal  response  to  their  exorcise  test ing .During  the  observ¬ 
ation  period  (1-2  years), no  abnormality  was  noted. 

Mild  aortic  insufficiency  was  found  in  one  airline  pilot  38  years  old  three  years 
ago. This  man  was  symptom-free  and  his  exercise  testing  showed  normal  cardiac  performance 
and  functional  capacity . Since  then, he  has  been  returned  to  flying  status  and  no  evidence 
of  decompensation  was  developed. 

DISCUSSION 

This  study  showed  that  certain  flyers  with  cardiac  abnormalities  were  on  flying 
status  for  a  period  of  one  to  ten  years. Conduction  abnormalities  were  the  most  frequent 
finding. Left  anterior  hemiblock , probably  due  to  progressive  f ibrodegenerative  disease 
of  the  human  atrioventricular  conduction  system, did  not  show  any  change  over  a  4-8  year 
period. None  of  the  cases  developed  coronary  disease  or  any  other  abnormality. 

In  a  population  study  of  8,000  Japanese-American  men, aged  45-69  years, left  anterior 
hemiblock  was  found  in  4.1%, The  incidence  of  coronary  artery  d iscase , fa tal  or  nonfatal, 
in  this  group  during  the  observation  period  of  3-6  years  was  not  s ignif leant ly  di f ferent 
from  that  of  control  groups  of  normal  men. 

The  progression  of  bifascicular  block  to  advanced  or  complete  A-V  block  has  been 
observed  by  many  workers. The  reported  incidence  of  progression  has  ranged  from  1-62% 
in  a  large  number  of  retrospective  studies  on  the  natural  history  of  bifascicular  block 
(1,2). 

In  our  study, four  cases  had  incomplete  RBBB  and  LAH, and  these  cases  cannot  be 
considered  exactly  as  bifascicular  block. None  of  these  cases  progressed  to  advanced  block. 

Populations  surveys  have  revealed  a  higher  incidence  of  organic  heart  disease  in 
those  patients  having  bundle  branch  block, than  would  bo  expected  among  normals  {3,  4  ). 
Much  controversy  exists , especially  on  the  significance  of  RBBB,  It  has  been  considered 
as  physiologic  by  some  and, on  the  other  extreme, to  represent  asymptomatic  coronary  heart 
disease  by  others  (5  ,  6) .In  a  follow-up  study  of  54.9  month  duration, only  1  out  of  59 
patients  with  RBBB  developed  symptoms  suggestive  of  coronary  heart  disease, while  32  out 
of  37  had  normal  coronary  arteriograms  (6). In  our  study, two  patients  with  acquired  RBBB 
did  not  develop  any  additional  abnormality  during  a  follow-up  period  of  7-8  years. 
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Subjects  with  PAC' s , PVC' s, prolonged  P-K  interval  and  coronary  sinus  rhythm, did 
not  also  show  any  abnormality  during  the  observation  period  of  4-10  years. 

The  importance  and  prognosis  of  premature  beats  poses  a  difficult  problem  for 
the  physician  during  flying  fitness  tests. Long  term  examinations , lasting  24  hours, 
revealed  premature  beats  in  48%  of  healthy  subjects, which  were  of  ventricular  origin 
in  29%  and  of  supraventricular  origin  in  19%  of  all  cases  (7) .Hiss  also  found  ventri¬ 
cular  extrasystoles  in  0.8%  of  122,000  asymptomatic  USAF  personnel , between  the  ages 
16  and  over  50  years  (8). In  some  apparently  normal  persons, ventricular  extrasystoles 
may  persist, even  in  the  form  of  bigemtny,for  many  years. Hinkle  et  al ., also, found 
ventricular  extrasystoles  in  the  majority  (62%)  of  300  actively  employed  middle-aged 
men  monitored  for  a  period  of  6  hours  (9) . 

Our  policy  allows  flyers  with  unifocal  ventricular  beats, decreasing  during  exer¬ 
cise,  to  continue  flying. 

First  degree  A-V  block  is  a  disturbance  of  conduction  which  may  be  functional  as 
well  as  organic  in  its  etiology. Prolonged  P-Q  intervals  are  found  in  apparently 
normal  persons. In  their  survey  of  over  67,000  asymptomatic  USAF  personnel , Johnson  et 
al.  found  350  examples  of  first  degree  A=V  block, or  5.2  per  1000. Twenty  percent 
of  them  had  P-Q  intervals  that  were  over  0.24  s  (10). Of  19,000  young  aircrew  applicants , 
59  had  P-Q  intervals  of  0.24  s  or  greater  (11). 

From  9  asymptomatic  individuals  with  repolarization  changes  and  negative  exercise 
testing, only  one  progressed  to  coronary  artery  disease .Experience  has  demonstrated 
a  high  degree  of  correlation  between  an  abnormal  electrocardiographic  response  to 
the  maximal  exercise  stress  testing  and  the  subsequent  development  of  coronary  artery 
disease. Conversely, the  presence  of  a  negative  test  response  distinguishes  those  indi¬ 
viduals  with  a  very  low  probability  of  such  events  (12) .Our  policy  allows  subjects 
with  nonspesific  T-wave  changes  and  varying  degrees  of  ST  segment  depression  to 
continue  flying, provided  their  clinical  examination  and  their  ECGraphic  response  to 
maximal  treadmill  exercise  stress  testing  are  normal. 

USAF  regulations  now  permit  waiver  for  flying  duties  in  individuals  being  treated 
for  mild, uncomplicated  hypertension, with  chlorothiazide  (13). In  our  study, 3  cases 
treated  with  chlorothiazide  and  2  cases  with  beta-blockers , did  not  develop  any  complic¬ 
ation  during  5-8  years  of  follow-up. 

Myocardial  infarction  is  a  cause  for  grounding. Our  policy  is:  Airline  pilots  with 
M.l.,with  or  without  revascularization, to  be  grounded  for  two  years  and  then  to  be 
submitted  to  coronary  angiogram  and  maximal  exercise  testing. If  the  results  are  normal, 
pilots  are  granted  waivers. Laurie  et  al.  showed  that  the  survival  rates  of  surgically 
treated  patients  with  reasonable  preoperative  left  ventricular  function, are  restored 
to  survival  rates  comparable  with  those  of  the  general  population  (14). 

In  our  study, one  pilot  with  an  old  anterior  myocardial  infarcion  and  normal 
right  and  circumflex  arteries, has  been  on  flying  status  for  six  years. Also, two  pilots 
with  myocardial  infarction  and  successful  revascularization, for  1-2  years. 

Prior  to  1960, aortic  insuf f islency  was  considered  as  a  condition  which  precluded 
flying  duties. Later , pilots  with  mild  aortic  insufficiency  and  good  ventricular  function 
were  permitted  to  resume  flying  duties. The  follow-up  of  27  pilots  with  mild  aortic 
insufficiency  at  the  USAF  School  of  Aerospace  Medicine , showed  that  24  pilots  were 
still  on  flying  status  , after  38  months.  (15) 

In  conclusion, our  study  showed  that  a  number  of  Hellenic  Air  Force  and  Airline 
pilots  with  LAH,LAH  with  Incomplete  RBBB,  complete  RBBB , PAC' s , PVC's , repolarization 
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changes, arterial  hypertension  .myocardial  Infarction  with  succssful  revascularization, 
did  not  develop  any  additional  abnormality  on  any  other  cardiac  event  during  one  to 
ten  years  of  follow-up. 

The  small  number  of  cases  in  our  series  may  not  lend  itself  for  statistically 
significant  conclusions . However , our  results  imply  that  pilots  with  the  aforementioned 
cardiac  abnormalities  may  reasonably  be  considered  for  waivers, 
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TABLE  1 .  HAF  PILOTS  WITH  HEART  PROBLEMS 


Heart  Problem 

NO 

Age 

(Range) 

Years  of 

Follow-up 

1.  Conduction  defects. 

a.  LAH 

5 

32-41 

5-8 

b.  LAH  with  incomplete  RBBB 

3 

29-32 

7-1t 

C .  RBBB 

1 

45 

8 

d.  Prolonged  PR  interval 

1 

49 

5 

2.  Rhythm  abnormalities. 

a.  PAC's 

2 

38-41 

5-7 

b.  PVC's 

1 

35 

8 

c.  Coronary  sinus  rhythm 

1 

39 

5 

3.  Repolarization  changes. 

2 

35-42 

5-6 

4.  Arterial  hypertension. 

1 

45 

5 

I 

> 

I 

I 


t 


i 

I 
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TABLE  2.  AIRLINE  PILOTS  WITH  HEART  PROBLEMS 


Heart  Problem 

No 

Age 

( Range ) 

Follow-up (Vr. ) 

1.  Conduction  defects. 

a.  LAH 

2 

48-57 

6-8 

b.  LAH  with  incomplete  RBBB 

1 

44 

7 

c.  RBBB 

1 

30 

7 

2.  Rhythm  abnormalities. 

a.  PAC's 

2 

38-44 

5-10 

b.  Coronary  sinus  rhythm 

1 

46 

5 

3.  Repolarization  Changes. 

7 

48-60 

4-10 

4.  Arterial  hypertension. 

4 

42-51 

5-8 

5.  Atherosclerotic  disease. 

a.  Infarction 

1 

50 

6 

b.  Infarction, by-pass  opera- 

tion 

2 

47-50 

1-2 

6.  Valvular  disease. 

a.  Aortic  insufficiency 

1 

38 

3 

DISCUSSION 


DR  G  W  GRAY  (CA) 

1.  Could  you  clarify  what  proportion  of  fascicular  blocks  was  congenital  as  against  acquired? 

2.  What  screening  procedures  were  used  to  rule  out  coronary  heart  disease? 

AUTHOR 

1.  I  cannot  provide  an  exact  answer  since  our  ECG  repository  was  only  established  in  1969.  In 
all  probability  the  two  cases  of  complete  RBBB  were  congenital,  and  the  three  cases  with  LAH 
and  incomplete  RBBB  were  acquired. 

2.  Screening  procedures  are  comprised  of  a  resting  ECG  and  maximal  exercise  testing. 
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Introduction 

Tha  usa  of  drugs  Mhicb  hlockada  bata  adranargl  *  racaptors  bagan  about  16  yaars  ago  as  a  traatmant  for 
angina  and  iscbaamic  haart  disaasa*  In  19^4  Prichard  and  Gillan  (l)  first  raportad  tha  affactivenass  of 
those  drugs  in  the  traatmant  of  hypartansion.  At  that  time  thara  was  no  great  interest  but  tha  comparative 
lack  of  Bide  affects  of  batablockada  therapy  subsequently  lad  to  their  increased  usa  for  hypartansion  until 
by  1974  th«y  baoakma  tha  first  choice  therapeutic  agents  in  a  number  of  centres  in  Europe  and  later  in  USA. 
This  lead  has  bean  maintained  by  tha  development  of  beta-one  receptor  specific  drugs  and  by  tha  therapeutic 
advantage  of  new  compounds  requiring  only  a  single  or  twice  daily  dose  to  maintain  24  hour  control. 

Hypertension  and  Aircrew 

For  many  yaars  there  has  been  a  developing  dilaniQa  in  the  management  of  aircrew  with  raised  blood 
pressure.  On  tha  one  hand  there  has  bean  the  recognition  that  hypertension  confers  a  definite  increased 
risk  for  sudden  incapacity  which  is  much  increased  by  tha  coexistence  of  other  risk  factors  for  ischaemic 
heart  disease  (XHB)  anrf  for  cerebrovascular  disease.  On  the  other  hand  there  has  bean  the  difficulty  of 
allowing  the  early  treatment  of  aircrew  with  hypotensive  drugs  without  compromising  their  fitness  to  continue 
flying.  Pickering  (2)  in  hie  classic  work  on  raised  blood  pressure  has  pointed  out  that  there  ie  no  level 
of  blood  pressure  which  separatee  health  from  disease  and  that  even  within  any  so  called  range  of  normal 
values  those  trith  the  higher  levels  have  a  poorer  prognosis  than  those  with  tha  lower  levels.  Veverthaless 
it  has  bean  a  practical  necessity  to  issue  soma  set  of  guide  lines  for  blood  pressure  in  aircrew  in  order  to 
have  standards  of  inference  for  medical  boards  and  medical  examiners.  The  most  widely  used  of  these  guide 
linee  me  originally  proposed  by  the  Bethesda  Conference  of  1973  (3)  and  subsequently  confirmed  by  the  Royal 
College  of  Physicians  oi'  London  in  197d  (4).  The  table  shows  that  these  are  age  related.  The  diastolic 
values  refer  to  the  fifth  phase  of  the  Korotkoff  sounds  where  this  is  clear  cut.  The *bd justed  levels" 

refer  to  those  acceptable  in  an  individual  in  whom  investigation  has  shown  no  target  or^^n  damage  or  asscc- 
iated  risk  factors. 


Tabl. 

Ag» 

Unadjusted 

Adjusted 

20-29 

140/90 

* 

30-39 

145/90 

155/95 

40-59 

155/95 

165/100 

Many  clinicians  have  criticised  these  guide  lines  as  too  gensrous  and  perhaps  including  a  number  of  cases 
who  would  ideally  be  treated  at  these  levels.  This  is  compounded  by  the  natural  tendency  of  physicians  to 
underestimats  blood  pressure  «dien  they  are  aware  that  a  finding  above  set  levels  may  lead  to  the  end  of  the 
pilot’s  carssr.  While  the  use  of  instruments  providing  writtsn  or  digital  recordings  or  those  with  a 
random  zero  level  mi^t  provide  more  objective  evidence  there  would  still  be  a  predictable  reluctance  to 
start  a  treatment  that  would  jeopardise  a  career.  But  there  is  also  the  danger  that  prevarioatlon  and 
delay  may  lead  to  target  organ  damage  and  in  1978  Cooke  and  Joy  (^)  reported  six  such  oases  in  civil 
professional  pilots  in  whom  long  observed  mild  hypertension  without  treatment  became  rapidly  accelerated 
and  severe  with  serious  consequences  to  their  health  and  obviously  an  absolute  end  to  their  flying  careers. 
Clearly  there  is  an  important  requirement  for  an  effective  treatment  which  oan  be  started  in  mild  oases  of 
raised  blood  pressure  without  a  clear  threat  to  flight  safety  or  the  effioiency  of  the  individual. 

Accepted  methods  of  management  of  hypertenalon  in  aircrew 

These  can  be  generally  itemised  as  follows: 


a.  Adequate  isTestictlon  for 

(1) 

oauaal  factors. 

(2) 

target  or^n  damage. 

(3) 

associated  risk  factors 

b.  Weight  reduction  where  indicated.  Avoidance  of  "voluniaiy  risk  fActore^^  eg  aaoklng. 

c.  Continued  observation  and  decision  as  to  the  need  for  diuretic  therapy. 

d.  ImpoeitloD  of  any  waiver  or  restriction  of  medical  category  required  by  the  olvll  or  military 
medical  authority. 

Investli^tlon  as  to  causal  factors  oan  be  very  prolonged  and  axpeBetve.  It  la  also  remarksbly  unproductive 
In  a  group  of  subjects  repeatedly  previously  soremed  by  regular  aircrew  medical  azanlnatlona.  Other  than 
renal  disease  which  is  extremely  rare  In  these  Individuals  the  search  for  target  organ  damage  tends  to 
concentrate  on  eliminating  tha  presence  of  IXD.  Associated  risk  factors  such  at  smokingy  oignifioant 


dagTM  of  ovanraight,  and  h(fparuricaeDia  and  )^arlipidaeala,  contlnua  too  oonaonljr  daspita  all  haalth 
aduoatlon  prograonaa.  Parhapa  aarvloa  alroraw  In  particular  faal  tha  othar  rlaka  In  thalr  llvaa  to  ba  mora 

Innadlata. 


Hal^t  raductlon  nay  produoa  aona  fall  in  blood  praaaura  but  tha  tandan<7  oftan  ramalns  and  cartalnly 
tha  naad  for  oontlnuad  obaarvatlon  la  paranount*  Tha  usa  of  thlaalda  or  aplronolaotona  dluretica  haa  baan 
alBoat  hallowad  by  tlaa  aa  a  traatmant  for  aircrau  daaplta  thalr  ImoNn  alda  affacta  which  nay  occaalonally 
ba  diaabling.  Thasa  includat 

Thlaaldaa:  Hypokalaamla 

Syparurlcaamla 
Dlabatogenlc  affacta 
Crampa 

Spironolactonai  Qynaaoonaatia 

Thlaaldaa  and  Splronolactona  or  amllorlda  ara  fraquantly  comblnad  to  produca  a  potaaalum  aparlng  dluratlc 
affaot.  Tha  raal  raaaon  wlQr  thaaa  compoimda  have  found  acceptance  in  tha  treatnent  of  aircrew  la  the  lack 
of  any  action  on  the  central  nervoua  ayaten  aa  oppoaad  to  auch  druga  aa  Methyldopa,  Clonldlne  or  Reaerplne 
and  tha  abaanca  of  any  algnlficant  poatural  hypotanalon  and  aanaltlvlty  to  accalaratlona  aa  la  found  with 
Bethanldlna. 

Thaoretical  advantagaa  of  Betablockade 

The  uaa  of  thaaa  druga  in  the  traatnant  of  hypertension  in  aircrew  has  alieiys  looked  attracti/a  for  a 
nunbar  of  reasons i- 

a.  They  ara  affective  hypotensive  drugs. 

b.  They  produoa  a  significant  raductlon  of  cardiac  response  to  both  physical  and  emotional  stresses 
and  narkadly  reduce  tha  systolic  peaks  of  blood  pressure  now  thou^t  to  be  one  of  the  more  dangerous 
features  of  essential  hypertension. 

c.  Moat  of  thaaa  druga  have  antidyerhythmic  affects  on  tha  hearty  particularly  In  preventing  tha 
ocourranca  of  arrhythmias  produced  by  catecholamines. 

d.  Tha  fall  in  blood  pressure  is  not  produced  by  posture  or  orthostatic  effects. 

a.  Occassional  missed  doses  ara  not  attended  by  an  immediate  rebound  of  blood  pressure. 

Thaaa  factors  seemed  to  comprise  a  number  of  highly  desirable  features  for  the  treatment  of  aircrew  provid¬ 
ing  ary  drug  affacta  were  not  serious.  It  ia  ironic  that  as  with  so  many  powerful  medications  the  exact 
mechanlam  whereby  betablockade  produces  its  hypotensive  affect  is  not  known.  Proven  actions  include: 

a.  Slowing  of  the  heart  and  reduction  of  oardlao  output. 

b.  Reduction  of  the  ranln-anglotansion  aystan  responses. 

Origimlly  it  was  surmised  that  other  actions  might  include  central  nervous  system  effects  acting  through 
the  vasomotor  control  but  this  ia  now  largely  dlsooxuitad  by  the  development  of  beta-one  specific  drugs 
which  do  iK)t  crose  the  blood-brain  barrier  vary  easily.  The  posalbillty  of  aortic  arch  baroceptora  being 
'reset*  at  a  lower  level  aa  a  result  of  tha  reduction  of  cardiac  respoiuies  to  stress  remains  unproven. 

In  fact  no  single  theory  of  the  mechanlam  of  betablockade  fits  all  the  observed  data. 

However  betsblocking  agents  work  to  reduce  hypertension  wo  need  to  consider  these  observed  effects  in 
relation  to  aircrew  and  flight  safety. 

a.  Sinus  Bradycardia.  This  can  be  very  worrying  when  at  rest  certain  subjects  can  fall  below  30 
basts  per  minute.  Tha  risk  of  loss  of  consciousness  from  this  cause  sesais  quite  remote  in  man  idiose 
paomaaker  and  conduction  are  normal. 

b.  Tha  hypotaiuivs  effect  is  usually  quite  moderate  in  mildly  hypertensive  patients  anl  extreme 
hypotension  in  not  reported  in  fit  adults.  Orthostatic  effects  ars  minimal  or  absent. 

0.  The  fall  in  maximum  cardiac  output  by  about  20^  in  the  early  stages  of  treatment  might  certainly 
appear  to  oomprlse  a  possible  problem  in  amergency  situations,  but  Lund  Johansson  has  shown  that  after 
a  year's  trsatmant  the  maximum  cardiac  output  returns  towards  iwmal  dus  to  some  unknown  method  of 
adjustment . 

d.  Bronchospasm  and  Increased  airways  resistance  are  the  result  of  blockade  of  beta-two  adrenergic 
nerve  endings.  This  nay  have  tha  affect  of  unmasking  previously  occult  asthmatics  or  spasm  may 
arias  ds  novo.  Tha  affect  ia  moat  commonly  seen  with  the  older  non  specific  batablockers  such  as 
Propranolol  and  usually  quits  early  on  in  treatment.  The  mora  speoific  beta-one  blockers  reduce  this 
risk  but  it  needs  tasting  for  by  peak  flow  maasuraasats  during  trsatmant. 

a.  There  has  bean  a  good  deal  of  discussion  on  hypoglyoaamlo  ssnsltivlty  during  betablockade.  The 
effect  ia  largsly  seen  in  diabetics  and  study  of  oarbol^rata  metabolism  should  be  done  in  airorsw 
under  treatment. 

f.  Coldnaes  of  the  sxtramitisa  is  a  oofnon  nuisance  which  la  preaumsd  to  be  due  to  unoppossd  alpha 
adramerglo  action.  It  may  be  unaoosptabls  ia  certain  aircrew  rolsa,  it  is  liable  to  unmask  and 
greatly  sawoerbate  aiy  underlying  tendency  to  Raynauds  dlssase. 


Th«  more  eerioue  toxic  effects  of  betablooklng  drugs  have  included  skin  rashes,  the  milder  forms  of  diy  sye 
syndrome  and  the  moet  eerioue  of  the  "praotolol  Byndrome"  including  viewl  impairment  and  retroperitoneal 
fibrosis.  The  incidence  of  those  effects  have  been  very  small  and  all  the  betablooking  drugs  hav  •  been 
most  carefully  monitored  for  the  disabling  effacte  since  the  withdrasal  of  Practolol  in  the  UK  and  other 
countries.  No  similar  long  tom  toxicationa  have  been  identified  or  are  expected  to  occur. 

The  Prcbleoi  of  Central  Nervous  System  Effects 

The  first  widely  used  betablocking  drug  was  Propranolol.  This  compound  easily  crossos  the  blood-brain 
barrier  and  a  number  of  CNS  effects  wore  reported  particularly  in  subjects  taking  lar,o  doses.  They 
included: 

a.  Droweinees  and  depression. 

b.  Sleep  disturbance  and  vivid  dreaming. 

c.  Hallucinations. 

As  noted  these  phenomena  were  dose  related  and  rarely  seen  with  loos  than  120  mg  daily  and  the  serious 
S' mptom  of  visual  hallucination  was  practically  always  asoociatad  with  high  doses  exceeding  600  mg  daily  of 
Fropranolol.  Mevortholess  thgy  have  serious  implications  for  aviation  medicine  and  iwuld  clearly  remiire 
a  very  careful  asseaemant.  Added  to  these  central  effects  is  the  fact  that  betablocking  drugs  are  used 
therapeutically  by  psychiatrists.  This  is  usually  a  method  of  using  small  doses  to  abolish  the  psycho¬ 
somatic  effects  of  anxiety  such  as  tremor  and  tachycardia.  E(y  some  feedback  mechanism  the  removal  of  these 
psyohoBomatio  symptoms  seems  to  reduce  the  actual  level  of  anxiety  but  the  doubt  has  alwiys  remained  whether 
the  drugs  are  intrinsically  anxietolytic.  This  has  remained  in  the  cases  of  Propranolol  and  Oxprenolol 
which  have  been  used  in  large  doses  in  the  treatment  of  severe  mental  disorder  such  as  schixophrenia  but  the 
newer  drugs  such  as  Atenolol,  Acebutolol,  and  Metoprolol  have  been  shown  eiperiraontally  hardly  to  cross  into 
the  brain  at  all  and  there  are  few  reports  of  any  significant  central  effects.  Novorthelose  it  was  clear 
that  before  use  in  aircrew  could  be  contemplated  the  possibility  of  actions  compromising  human  performance 
mus-t  be  investi^ted# 

Investi/?ationa 

ApaH  from  the  use  of  these  dru^je  by  psychiatrists  the  early  literature  on  betablockinir  dru^  contained 
little  reference  to  their  effect  on  human  performance.  Taggart  (6)  has  shown  apparent  improvement  in  the 
performance  of  racing  drivers  and  diminution  of  anjriety  symptoms  in  parachutists  and  public  speakers. 

3ryan  and  others  had  found  betablookade  produced  increase  in  simple  reaction  time.  Olaister  (7)  and  hie 
.Toup  at  Fhmborough  used  an  intravenous  dose  of  0.2  mg  Oxprenolol  on  24  volunteers  to  test  the  effect  of 
betablookade  on  tolerance  to  02  accelerations.  They  were  divided  into  12  "novice"  and  12  experienced 
subjects  who  were  exposed  to  a  series  of  accelerations  in  the  human  centrifuge.  He  found  no  significant 
reduction  in  0  tolerance  despite  the  marked  lessening  of  the  normal  roeponse  to  the  stress  by  tachycardia. 

He  considered  this  some  indication  that  betablookade  did  not  produce  any  significant  postural  effect  but  »b 
concerned  that  he  found  a  doubtfully  significant  loss  of  accuracy  in  a  coordination  taek  (pursuit  rotor 
tracking)  done  on  the  subjects  while  betablocked.  This  was  not  confirmed  by  later  studies  by  Turner  (8). 
Green  and  Cooke  at  f^mborough  used  a  more  sophisticated  tracking  task  of  an  adaptive  type  in  which  a 
computer  assessed  the  performance  of  the  subject  every  30  seconds  and  adjusted  the  level  of  difficulty 
accordingly.  Nine  subjects  taking  80  mg  Oxprenolol  showed  no  evidence  of  impairment  of  performance  in  a 
double  blind  trial  compared  with  their  performance  on  a  placebo.  The  same  subjecte  ehowed  no  change  in 
performance  with  a  battery  of  paper  and  pencil  teste.  The  overall  results  from  a  number  of  investigetors 
therefora  suggested  that  ordinary  therapeutic  dosee  of  betablocking  drugs  in  normal  human  subjects  did  not 
produce  any  significant  or  predictable  loss  of  observed  performance  as  would  Bay  a  doee  of  alcohol  or  a 
hypnotic. 

Nicholson  has  been  working  on  the  effects  of  betablookade  on  animals.  He  uses  a  delayed  different¬ 
iation  test  with  monkeys  trained  to  respond  to  a  double  light  signal  combining  both  accuracy  in  discerning 
the  correct  signal  to  obtain  a  food  pellet  and  the  ability  to  meaeure  the  total  time  taken  to  respond  to 
the  signal.  Hie  object  was  first  to  show  the  effect  of  very  large  doeee  of  betablooking  druge  given  by 
intraperitoneal  injection  and  then  to  compare  the  effecte  of  different  betablocking  agents  at  comparative 
doses.  In  a  eeriee  of  papers  (9,  10)  he  has  shown  the  marked  central  nervous  system  impairment  produced 
by  large  doses  of  Propranolol  and  the  earlier  comparatively  lipophilic  druge.  More  recently  he  has  shown 
that  the  hydrophilic  beta-one  specific  druge  such  as  Atenolol  and  Acebutolol  show  virtually  no  detrimental 
effect  on  the  performance  of  the  monksye  at  any  of  the  experimental  doses  up  to  25  mg/kg.  This  is 
presumably  because  of  their  chemical  nature  and  lack  of  paeeage  of  the  blood-brain  barrier.  He  hae 
designed  further  experimental  protocols  and  performance  tests  for  more  work  on  human  volunteer  eubjects 
which  are  now  proceeding. 

The  sum  of  this  work  done  to  date  would  seem  to  indicate  that  betablookade  does  not  produce  any 
observed  constant  loss  of  performance  except  in  very  large  dosee  of  the  non  epecifio  lipophilic  earlier 
compoundo  such  as  Propranolol. 

Present  ConcluBione 

The  results  of  this  work  have  been  considered  very  carefully  in  the  UK  by  both  the  Civil  Aviation 
Authority  (CAA)  and  the  RAP,  It  was  quite  clear  that  however  much  investi^tion  and  reeearoh  ms  oarried 
out  that  it  would  be  impoeeible  to  prove  that  a  particular  drug  is  completely  safe  for  prescription  for 
aircrew.  At  the  earns  time  continuing  investigation  could  inorease  our  knowledge  ae  to  the  formulation  of 
the  drug  and  limits  of  dosage  which  are  least  likely  to  produce  detrimental  effects  and  this  effort  will 
oontinue.  Meanwhile  the  CAA  in  1900  considered  the  advloe  of  its  Medical  Advisory  Panel  that  it  might 
now  bo  justifiable  to  praeoribs  betablooksre  for  mild  oases  of  hypertension  in  aircrew  with  certain  safe¬ 
guards.  This  practice  is  already  allowed  by  waiver  by  certain  nations.  Civil  commercial  oporatione 
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provide  special  clrounstancea  both  In  the  high  proportion  of  nlddle  aged  pilots  llabls  to  sl^ilfloant 
Nastage  fron  hypertension  and  In  the  predoalnantly  multlpllot  orens  Hhlch  afford  a  aargln  of  safety  by 
training  for  sudden  Inoapaolty  due  to  oardlovasoular  disease  or  ajxf  unaxpsoted  effect  of  betsblockade 
therapy.  Gventually  It  was  agreed  that  idth  proper  safeguards  betablookade  trsataant  aould  not  be  likely 
to  produce  effects  dangerous  to  flight  safety. 

The  main  problem  «as  the  definition  of  those  proper  safeguards.  This  Mould  bsgln  with  a  oarsful 
clinical  reassessment  with  particular  reference  tot 

a.  Confirming  the  need  for  treatment. 

b.  Checks  for  target  organ  damage  and  associated  risk  factors. 

c.  Simple  biochemical  checks  of  renal  function,  serum  uric  acid  and  glucose  levels. 

d.  Check  for  normal  ventilatory  function. 

Where  the  subject  was  deemed  suitable  for  treatment  the  effect  of  diuretic  therapy  alone  would  first  be 
tried.  Betablookade  would  be  offered  to  those  who  did  not  respond  entirely  satisfactorily  to  diuretic 
therapy  alone  and  particularly  those  who  showed  wide  labile  swlmgs  of  pressure  and  tachycardia  under 
stress  (such  as  that  of  medloal  examination^  Betablookade  would  thus  normally  be  added  to  preexisting 
diuretic  therapy  or  could  be  used  alone. 

Betablocking  drugs  would  be  used  for  a  trial  period  of  4-6  weeks  whilst  the  pilot  was  grounded. 

Ihiring  this  time  he  would  be  assessed  for  both  subjective  and  objective  evidence  of  any  symptoms  produced 
by  the  drug  as  wall  as  for  satisfactory  control  of  his  blood  pressure.  The  difficult  aspect  of  such 
symptoms  was  recognised  to  be  the  clash  between  the  individual's  career  motivation  to  deny  symptoms  and 
the  common  finding  that  any  form  of  hypotensive  therapy  can  produce  subjeotiva  symptoms  in  those  previously 
symptomless.  During  this  phase  it  was  agreed  that  tests  of  performance  should  be  carried  out.  After 
much  arguement  it  was  decided  that  simulator  tasting  would  be  the  only  method  acceptable  to  both  aircrew 
and  their  employers  and  that  they  should  satisfy  the  ordinary  standards  of  technical  performance. 

When  a  pilot  showed  good  control  of  blood  pressure  and  adequate  performance  on  the  drug  he  should 
return  to  flying  with  a  waiver  making  him  unfit  solo  pilot  operations  but  fit  co-pilot  or  captain  with  a 
fully  trained  oo-pllot.  Fiirthar  checks  by  training  captains  would  continue  In  the  usual  manner. 

The  dosage  of  betablooking  drugs  was  to  be  limited  to  agreed  levels  beoause  of  the  established  dose 
relationship  of  side  affects.  lo  betablocking  drug  was  speclfioally  excluded  but  the  newer  hydrophilic 
compounds  wore  to  be  favoured.  Fbllow  up  of  the  control  of  the  pilots  blood  pressurs  would  be  carefully 
monitored  by  both  medical  examiners  and  oonaultants. 

So  far  It  la  too  early  to  relate  any  experlenoe.  We  have  comparatively  feu  aircrew  on  traatmant  and 

It  will  be  soma  time  before  wm  oan  determine  If  control  Is  better  and  the  advantages  outweigh  tbs  extra 
effort  and  cost  of  the  programme. 

nun  the  Service  aviation  standpoint  we  have  sorotlnlsod  the  CAA's  safeguards  vary  carefully. 
Unfortunately  a  number  are  extrsmoly  difficult  to  transpose  to  the  military  situation.  The  present 
situation  In  ths  RAF  Is  that  It  is  felt  that  hypertension  requiring  betablookade  tbsrapy  makes  pllotsi 

a.  Unfit  fast  jets. 

b.  Unfit  single  pilot  operations. 

c.  Unfit  Flying  Instructor. 

If  the  CAA  protocol  of  management  is  used  this  would  oonflns  service  pilots  to  very  limited  roles  In 
multlpllot  transport  and  marine  reoonnalsance  aircraft.  Their  fitness  for  multlpllot  helioopter  operat¬ 
ions  has  bean  considered  but  thought  to  be  very  doubtful  because  of  the  oonstraints  Imposed  by  the  speed 
of  takeover  required  to  oorreot  human  failures  at  low  altitude.  As  regards  other  aircrew,  we  have  tasted 
a  few  navlgatora  in  fast  jets  and  have  oonflmad  the  apparent  normality  of  their  0  tolerance  when  taking 
betablookars.  But  In  general  terms  all  the  problems  of  employing  aircrew  on  operational  flying  whilst 
taking  therapeutic  drugs  are  Increased  by  a  considerable  aargln  over  their  oivlllan  counterparts  by  ths 
complexity  of  their  tasks,  the  extra  physical  stressss,  and  ths  level  of  their  workload.  Rir  the  present 
we  need  to  keep  an  open  mind  and  oolleot  as  much  experlenoe  as  possible. 
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DISCUSSION 

DR  D  KICOMRE  (CA) 

You  alluded  to  lonj^-term  follow-up  of  civilian  pilots  on  beta-blockade.  Are  they  also  on 
ch iazide  J iuret ics? 

SPEAKER 

Treatment  with  thiazides  is  normally  tried  as  an  initial  aid  in  suitable  patients*  beta-blockade  is 
added  if  thiazide  treatment  is  not  successful.  In  some  cases  beta-blockade  may  be  substituted 
for  diuretics. 

DR  1)  KLCOMBF  (CA) 

In  Canada  we  have  found  that  the  people  who  require  thiaziles  and  beta-blockade  are  the  more 
resistant  sub-group  and  more  difficult,  whereas  subjects  responsive  to  beta-blockade  alone  are 
given  a  waiver. 


INFLUENCE  OF  rS-BLOCKINQ  ATENOLOL  AND  OTHER  MEDICATION  ON  THE 
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SUMMARY 

Visual  reaction  tiae  as  a  aeaaure  of  vigilance  and  of  the  paychophyslological  condition  cf 
was  detemined  after  coabined  phyaical  and  mental  stress  to  examine  G-blocker  influence.  Uning 
the  technique  of  electrooculography  4C  subjects  aged  2^.7  ^  6  with  a  mean  blood  pressure  of 
^2^/79  aaHg  were  measured  in  a  double-blind  cross-over  design  after  application  of  placebo  or 
SC  ag  of  atenolol  (TENORMIN)  for  ?  daya.  Vieual  reaction  tiae  was  defined  aa  th->  time  between 
display  of  a  perlpharcl  light  signal  and  the  start  of  the  eye  noveaent  that  shifts  the  direction 
of  gaze  from  the  reference  point  to  the  etiaulua.  The  results  of  the  study  show,  that  under  these 
experimental  conditions  there  is  a  positive  effect  of  beta-blocker  aedication  on  vigilance.  Findings 
of  other  authors  are  diacussed.  To  prove  the  eenaitlvity  of  the  teat-aethod  in  a  prelialnary 
study,  the  effacta  of  the  wel 1 -described  drugs  fenetyllin-hydrochlorid,  diaxepaa,  oxazepaa  and 
alcohol  on  visual  reaction  tiae  were  investigated. 

INTRODUCTION 

There  are  few,  if  any,  drugs,  which  are  not  of  laportance  in  relation  to  flying  duty,  and  parti¬ 
cularly  to  a  pilot.  It  ie  the  Flight  Surgeon's  responsibility  to  take  the  necessary  steps  to  see 
that  no  one  fliee  as  an  aircrew  aeaber  while  under  aedication  which  aight  iapalr  flying  efficiency. 

When  new  drugs  receive  popular  scclaim  in  various  periodicals,  it  becoaes  necessary  for  the 
Flight  Surgeon  to  aake  sure  that  flying  personnel  are  thoroughly  indoctrinated  regarding  these 
drugs.  This  is  particularly  true  of  new  medications  affecting  the  paychoaotor  and  senrory  functions. 

Beta  Adrenergic  Blocking  drugs  were  introduced  into  clinics!  aedlcine  some  15  years  ago.  Originally 
their  main  use  was  in  the  treatment  of  cardiovascular  diseases.  They  provided  a  significant  advance 
in  the  management  of  hypertension,  in  certain  cardiac  arrhythmias,  and  in  angina  pectoris.  More 
recently  they  have  been  found  to  have  an  Important  application  in  protactlng  varioua  body  organs  and 
systems  from  the  effects  of  excessive  anxiety.  They  are  being  employed  to  improve  performance  in 
individuals  exposed  to  anxiety-  laden  environmental  situations  (i)» 

Side-effects  of  Q-blockers  related  to  their  peripheral  actions  have  been  reported  and  are  widely 
recognixed.  Jefferson  (2)  has  reviewed  extensively  the  evailsble  data  on  the  possible  existence 
and  role  of  central  beta  receptors.  He  stresses,  that  much  work  needs  to  be  done,  before  a  central 
effect  of  beta-blocking  agents  can  be  established. 

In  animal  studies  the  question  of  whether  beta  blockers  cause  sedation  oi  depression  of  motor 
behavior  remains  in  dispute,  end  various  workers  have  reported  widely  different  findings  (l). 

In  experiments  on  human  volunteers  many  workers  were  not  able  to  detect  significant  effects  on 
several  behavioral  perametera  (1). 

The  lack  of  firm  and  consietent  data  about  the  effects  of  bets  blockers  on  human  performance  is 
unfortunate , for ,  with  such  a  broad  apectrum  of  usage,  it  is  likely  that  drugs  of  this  type  will 
be  given  to  some  pereone  carrying  out  highly  skilled  and  potentially  haeardoue  tasks  where  any 
significant  degree  of  CHS  depression  would  be  undesirable. 

The  inconsistent  results  of  thoss  investigations  which  havs  bean  carrisd  out,  rsflect,  in  part, 
the  difficulties  and  relative  insensitivity  of  most  performsncs  t^ating  msthods  in  man. 

Using  s  particularly  sensitive  method,  the  goal  of  this  study  was  to  exsmins  ths  sffsct  of  s 
thsrapntie  dose  of  atenolol  of  the  newer  types  of  bsts-sdrsnergic  blocking  drugs  on  the  reaction 
tine  of  the  visual  systsn,  which  is  s  measure  of  the  peychophyslologicsl  condition  of  the  subject. 

MATERIAL  AND  METHODS 

3  healthy  male  voluntssre  were  recruited  for  the  firet  part  of  the  study.  They  took  part  in  experi¬ 
ments  about  the  influences  of  the  most  commonly  described  drugs  fsnetyllin-hydrochlorid  (CAPTAGON), 
diexepsm  (VALIUM),  oxssspsm  (ADUKBRAN),  and  alcohol  on  visual  reaction  time,  to  prove  the  senaitivity 
of  the  testing  msthods. 

In  the  main  part  of  ths  study  hsalthy  sals  voXuntesrs,  aged  2^.7  ^  6  ysars  with  s  assn  blood 
preasurs  of  ‘126/79  mmHg,  wars  asssursd  in  a  double-blind  croes-over  design  to  evslusts  the  effects 
of  beta-blocking  atenolol  (TENORMIN)  on  vieual  rssction  tlas  after  combined  mental  and  physical 
workload. 

Visua^  rsaction  tias  was  definsd  as  ths  tlas  bstween  display  of  a  psrlphersl  light  signal  of  10° 
or  20°  sccsntrlclty  and  ths  start  of  an  aye  novsmsnt  that  shifts  the  direction  of  game  from  ths 
rsfsrsncs  point  to  ths  stimulus.  Subjscta  had  to  look  into  ths  hoodsd  window  of  a  display,  in  which 
st  a  vlswlng  distancs  of  1.40  m  arrangsd  by  asans  of  a  Ians  syatsa  small  red  light  signal#  ars 
displaysd  20°  or  10°  right  or  Isft  from  a  rsfsrsnce  point  in  the  middle  of  ths  visual  field. 

Lighting  of  an  sccsntrlc  signal  starts  a  digital  clock  with  a  prscision  of  1  mssc.  The  clock  is 
stoppsd  via  Sehmitt-triggsr  whan  a  critical  cornso-rstinsl  potential  change,  which  ie  proportional 
to  Chengs  of  gsas,  is  rsschsd.  Cornso-rstinml  potential  is  derived  from  three  electrodes  placed 
to  ths  carefully  prepared  skin  of  ths  subject  st  the  outer  csnthi  of  ths  right  and  left  eye  rs- 
spsctively  and  over  the  bridge  of  the  nose. 

One  trial  consists  of  60  eye  jumps  to  targets  prsssntsd  randomly  at  20°  or  10°,  right  or  left  from 
the  middle  of  the  visual  field. 
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Tot  th*  first  part  of  tha  study  assn  sad  standard  daviatioa  of  sach  trial  was  calculatsd  for 
furtbsr  statistical  analysis. 

For  ths  aain  part  of  tha  study  ths  aadlan  and  Intsrquartila  diffsrsness  haws  bean  caleulatad  for 
furthar  statistical  evaluation  in  a  two-pariod  ehanga-ovar  design  introduced  by  J.E.  QBIZZU  (5). 
Mental  workload  was  introduced  by  having  the  subjects  calculate  additions  and  subtractions  for 
24  nlnutes  in  a  aechanical  test  equipaant.  Before  aental  workload,  physical  workload  was  eaployed 
by  having  the  subjects  on  a  Dynavlt-training  ergonetar  for  10  ainutas,  so  that  their  heart  rate 
was  at  the  individual  training  frequency,  which  is  automatically  calculated  by  the  training  device. 

RESULTS 

The  first  part  of  experlaents  was  done  to  prove  the  sensitivity  of  ths  measurement  of  visual 
reaction  tine  to  affects  of  well-known  drugs.  The  first  exparinent  was  done  with  the  coffein- 
derivate  fenetyllin-hydrochlor id.  Fenetyllin-hydrochlorid  is  known  to  have  a  stimulating  effect 
on  the  CHS.  In  Fig.  1  the  effect  of  fenetyllin-hydrochlorid  on  visual  reaction  time  is  demonstrated. 
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30  nlnutes  after  Ingestion  of  50  mg  of  fenetyllin-hydrochlorid  -  the  therapeutical  dose  -  visual 
reaction  tine  declines  from  a  200  nsec  starting  value  to  775  msec  and  reaches  a  minimum  after  60 
minutes  at  170  nsec.  210  nlnutes  after  ingestion  of  the  therapeutical  dose  visual  reaction  time 

is  back  to  normal.  ' 

In  the  second  experiment  the  effects  of  the  well-kno«ai  sedative  diasepam  on  the  visual  reaction 
time  were  studied.  In  Fig.  2  the  reaction  time  of  the  visual  system  is  about  200  msec  around  30 
minutes  before  ingestion  of  10  mg  of  diazepam,  a  relative  high  therapeutical  dosls.  After  45 

nlnutes  a  slight  but  significant  increase  to  a  reaction  tine  of  210  msec  is  measured.  About  100  I 

minutes  after  ingestion  of  the  drug  the  reaction  time  of  the  visual  system  has  increased  for 
about  ZOi  to  a  value  around  235  nsec.  After  5  hours,  including  a  three  hour's  sleep  period  the 
reaction  time  of  the  visual  system  is  back  to  starting  values. 
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Id  the  third  experiment  10  mg  of  oxazepam,  which  is  a  sedative  too,  was  given  to  the  subjects. 
There  were  no  effects  on  reaction  time  of  visual  system  in  the  measurements  60,  120  and  520 
minutes  after  ingestion  of  the  therapeutical  dose  of  this  sedative  in  the  normal  experimental 
design. 
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However,  when  the  subjects  in  a  different  experimental  design  were  measured  continuously  for  three 
consecutive  trials  after  ingestion  of  10  mg  oxazepam  -  making  the  experiment  itself  a  concentration 
task  -,  there  was  a  significant  increase  in  reaction  time  of  the  visual  system. 

Third,  the  reaction  time  of  the  visual  system  was  studied  on  subjects,  who  had  ingested  ^  portions 
of  5^  cm"^  of  a  ^2  %  alcoholic  drink  within  2  hours.  After  a  start  of  reaction  time  at  200  msec, 
ingestion  of  the  first  portion  of  alcoholic  drink  decreased  reaction  time  insignificantly.  Increase 
in  reaction  time  was  found  in  the  measurements  2  hours  after  ingestion  of  the  first  drink.  Reaction 
timeswere  still  increasing  up  to  5  hours  after  ingestion  of  the  first  drink,  that  is  three  hours 
after  the  last  drink. 
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In  the  main  study  tha  40  subjects  were  randomly  divided  into  two  groups.  The  first  group  starts 
with  a  three  day's  treatment  A,  e.g.  atenolol  50  mg  daily;  the  second  group  starts  with  a  three 
day's  treatment  B,  e.g.  1  x  placebo  dally.  After  a  washout  period  of  2  weeks  the  first  group  was 
given  treatment  B  end  the  second  group  treatment  A.  Heasurements  were  done  before  the  combined 


mental  and  phyaical  workload  ind  aftarwarda«  Blood  preaaure  and  heart  rate  changed  as  expected. 
There  were  no  significant  effects  of  treatment  before  workload  for  the  medians  of  visual  reaction 
tine  (  p  a  0,691  )  as  well  as  for  the  interquartile  differences  (  p  •  0,8085  )• 

Visual  reaction  times  after  combined  physical  and  mental  workload  are  shown  in  Fig,  5*  In  both 
groups  the  visual  reaction  time  is  higher  under  placebo  treatment  as  compared  to  treatment  with 
atenolol • 


msec 


220J  placebo 


after 
.work  1  oad 
>  median  < 


Effects  of  atenolol  and 
placebo  on  visual  reaction 
time  after  combined  workload 

(N  =  2^00  per  point) 


210t 


atenolol 


^  placebo 


200^- 


'  atenolol 

period 


The  effects  of  the  different  treatments  are  the  same  with  the  interquartile  differencee,  as  ahown 
in  Fig.  6.  Interquartile  differences  in  both  groups  are  higher  under  treatment  with  placebo  aa 
compared  to  treatment  with  atenolol.  The  effects  of  treatment  after  workload  are  highly  significant 
for  the  medians  of  visual  reaction  time  (p  »  0.00395)  and  significant  for  the  interquartile  diffe¬ 
rences  (p  «  0.0166). 
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Fig.  6 

Effects  of  atenolol  and 
placebo  on  the  interquartile 
differences  of  visual  reac¬ 
tion  time  distribution  after 
workload. 

(N  a  2400  per  point) 
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Carry-over  effects  could  be  excluded  for  all  variables. 

The  time  effects  after  workload  (p  *  0,026$)  are  due  to  training  effects,  for  at  this  time  subjects 
had  to  do  the  programs  of  physical  and  mental  workload  for  the  fourth  time.  The  difference  in 
medians  of  the  placebo  phase  is  due  to  training  effects,  too. 

DISCUSSION 

Thi3  study  demonstrates  that  the  reaction  time  of  the  visual  system,  described  in  literature  se 
reaction  time  of  saccadic  eye  movements  (4),  ie  senaitive  to  certain  drugs.  Fenetyllln-hydrochlorid 
which  is  known  as  a  stimulant  decreases  the  vieusl  reaction  time.  The  sedative  diasepan  increases 
reaction  time,  the  sedative  oxazepam  showed  no  effect  at  the  first  glance,  but  with  longer  duration 
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of  the  experiaent  itself,  there  was  an  increasing  effect,  too*  Alcohol  showed  a  pronounced  in¬ 
crease  of  reaction  time  after  an  insignificant  but  distinct  decrease  in  the  first  phase. 

All  the  drugs  investigated  in  this  part  of  the  study  showed  the  effects  that  were  expected. 

Atenolol,  a  beta-adrenergic  blocking  drug,  showed  no  significant  effect  on  reaction  time  of 
the  visual  system  before  the  combined  mental  and  physical  workload*  After  this  workload  there 
was  a  highly  significant  decrease  of  visual  reaction  time  and  a  significant  decrease  of  inter¬ 
quartile  differences  as  compared  to  placebo  measurements. 

These  findings  are  in  contrast  to  findings  of  several  other  authors  working  on  beta-blockers. 
BROADHURST  demonstrates  that  the  beta-adrenergic  blocking  propanolol  does  cause  a  small  but 
significant  impairment  of  psychomotor  functions*  He  states  that  these  findings  may  have  important 
relevance  of  the  clinical  situation,  for  patients  taking  beta-blocking  drugs  may  well  include 
individuals  who  are  carrying  out  skilled  tasks  with  dangerous  potentials,  such  as  operation  of 
vehicles  or  machinery.  Military  and  airline  pilots  certainly  fall  into  this  category,  but  their 
intake  of  drugs  for  any  purpose  is  strictly  regulated*  According  to  BROADHUHST  (1)  mild  hyper¬ 
tension  will  not  neceesariily  preclude  from  professional  flying,  but  there  is  a  controversy  in 
aviation  medicine  circles  as  to  what  medication,  if  any,  should  be  permitted  for  its  treatment. 

At  least  one  major  airline  is  now  accepting  the  use  of  beta-blockers  (1)  in  its  pilots,  although 
no  flying  duties  are  undertaken  for  some  months  after  starting  treatment  until  haemodynamic  sta¬ 
bilization  is  likely  to  have  occured* 

The  method  of  testing  described  produces  only  one  measure  of  psychomotor  performance,  and  does 
not  distinguish  between  decrements  of  functions  that  might  be  of  other  central  or  peripheral 
origin*  Nevertheless,  it  has  been  proved  (4)  that  measuring  the  latencies  of  saccadic  eye  move¬ 
ments,  the  reaction  time  of  the  visual  system,  gives  a  sensitive  and  very  stable  measure  of  the 
psychophysiological  condition  of  the  subject. 

However,  it  should  not  be  inferred  from  the  experiments  described  in  this  paper  that  the  effect 
of  atenolol  upon  psychomotor  functions  is  shared  by  all  other  beta-blocking  drugs. 

Propanolol  as  described  by  BROADHURST  (l)  causes  a  small  but  significant  impairment  of  psycho¬ 
motor  functions  and  propanolol  crosses  the  blood  brain  barrier  more  easily  than  several  other 
beta-blocking  agents  studied  (5)*  Penetration  of  these  drugs  into  the  CNS  correlates  significantly 
with  their  anti-hypertensive  potency  (5)«  It  is  possible  that  a  similar  relationship  exists 
between  the  penetrative  properties  of  different  beta-blockers  and  tht  ir  effect  upon  psychomotor 
functions  (l).  This  may  explain  the  different  results  that  have  been  published  in  literature. 

The  modern,  less  penetrative  (^-blocking  betadrenol  shows  a  shorter  reaction  time  after  ingestion 
(6,  7)  just  as  atenolol  in  our  study.  The  easy  penetrating  propanolol  shows  an  impairment  of 
reaction  time  (l). 

Before  inaugurating  regulations  for  treatment  of  mild  hypertension  in  aircrew  with  beta-blocking 
drugs  more  investigations  about  central  effect  of  this  type  of  drugs  are  necessary. 

REFERENCES 

1.  BROADKURST,  A.D.  "The  Effect  of  Propanolol  on  Human  Psychomotor  Performance",  Aviat,  Space 
Environm.  Med.  176  -  179*  1980 

£,  JEFFERSON,  W,J«  "Beta-adrenergic  receptor  blocking  drugs  in  psychiatry",  Arch. Gen* 

Psychiatry  31  *  68l  -  691,  197^ 

3.  GRIZZLE,  J.E.  "The  two-period  change-over  design  and  its  use  in  clinical  trials" 

Biometrics  21:  46?  -  48(5,  1965 

4.  HARKS,  D*,  PACHALE,  E.,  HABERSETZER.  R.,  KOHLEB,  G. 

"Influence  of  the  workload  of  flight  mission  on  the  performance  of  the 
visual  system  of  aircrew"  AGARB  Conference  Proceedings  No*  286, 

"Session  A:  Aircrew  Safety  and  Survivability"  A  19-1  -  A  19-6,  AGARD 
London  198O 

5.  DAY.  M,  HEMMSWORTH,  B,A.,  STREET,  J.A. 

"The  uptake  and  distribution  of  propanolol,  practolol,  atenolol  and 
oxprenolol"  Report  at  British  Pharmaceutical  Conference,  Sheffield  1977 

6.  MOSER,  L.,  DELLEN,  R.G.,  LtTNDT  P.V,  ^ 

"Die  Virkeamkeit  von  Betadrenol  bei  Prufungsanget"  Med*  Klin.  74, 

1500  -  15^54,  1979 

7.  MOSER,  L.,  SCHMIDT,  U.  LUNDT,  P.V. 

"Die  Auewirkungen  eines  Beta-rezeptorenblockere  auf  die  Kraftfahreignung", 
Med.  Klin*  74,  1'»3**  -  1159,  1979 


u-l 


Con.siderations  on  Long-Term  Therapy  of  Hypertonia,  Liponetabol ic 
Disorders  and  Struma  in  Flying  Personnel 

by 

Dr.  W.  Nissen,  Col.,  GAF,  MC 
German  Air  Force  Institute  of  Aviation  Medicine 
P.0,  Box  1?2  KFL,  I>-8o80  Furstenfeldbruck ,  Germany 

and 

Dr.  L.  Gall,  LtCol-,  GAF,  MC 
German  Air  Force  Institute  of  Aviation  Medicine 
P.O.  Box  172  KFL,  D-8080  Fiirstenfeldbruck,  Germany 


SUMMARY 

In  our  opinion,  long-term  drug  therapy  in  flying  personnel  is  only  necessary  in  very  few 
instances,  as  illustrated  in  cases  involving  hypertension,  hyperlipoproteinemia  (HLP)  and  euthyroid 
struma  in  our  pilot  population.  We  consider  sound  medical  advice  and  guidance  in  cases  of  nyper- 
tension  and  HLP  more  important  than  drug  therapy.  Long-term  treatment  of  euthyroid  struma  with 
thyroid  hormones  is  only  practical  in  rare  cases. 


INTRODUCTION 

All  Federal  Armed  Forces  pilots  up  to  the  age  of  ^1  years  are  examined  for  military  flying 
fitness  every  three  years  and  thereafter  yearly  at  the  German  Air  Force  Institute  of  Aviation 
Medicine  {GAF  lAM), 

number  of  foZIow-up  examinations  within  a  period  of  one  year,  i#e.  from  May  1st,  1979  to 
April  30th,  1980,  totaled  1975  pilots  of  all  age  groups,  of  whom  796  were  jet  pilots,  311  pro¬ 
peller  pilots  and  868  helicopter  pilots  (Fig.  l). 
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The  time  period  May  1st,  1979  to  April  30th,  198O  was  chosen  as  a  basis  for  our  studies,  as 
all  results  of  the  flying  fitness  examinations  at  the  GAF  1AM  have  been  stored  in  a  data  bank 
since  May  1st,  1979*  This  type  of  documentation  now  enables  us  to  carry  out  statistical  evaluations. 
Thus,  for  example,  we  can  determine  the  frequency  of  particular  pathological  findings  within 
certain  time  periods.  We  have  evaluated  the  findings  of  the  pilots  examined  within  this  one  year 
period,  in  order  to  investigate  the  problem  of  a  practical  drug  therapy  in  flying  personnel  with 
regard  to  hyper tension ,  HLP  and  euthyroid  struma. 

PROBLEMS  OF  HYPERTENSION  DRUG  THERAPY  IN  FLYING  PERSONNEL 

According  to  WHO  definitions  (Fig.  2),  hypertension  was  diagnosed  in  169  of  a  total  of  1975 
pilots.  In  the  majority  of  cases  the  diagnosis  was  borderline  hypertension  resp.  mild  manifest 
hypertension  per  se,  predominantly  type  I.  There  wasn’t  a  single  case  of  secondary  hypartension. 

At  this  point  it  must  be  noted,  that  only  7  of  the  169  hypertensives  were  undergoing  drug  therapy 
(Fig.  3}«  As  a  result  of  the  medical  axamination,  drug  therapy  had  to  be  re-instituted  in  one  case 
only.  Within  the  last  2  years,  no  pilot  was  suspended  from  flying  duty  because  of  hypartension 
alone.  82  (■  48. 551)  hypertensive  pilots  had  normal  weight,  71  (*  42, 0^)  hypertensives  were  over¬ 
weight  (exceeded  the  Broca-Indax  by  at  least  3  And  in  addition  to  overweight,  16  hypertensives 
(■  9*55^)  bad  secondary  metabolic  disorders  i.e.  mild  HLP  or  hyperuricemia  (Fig.  4), 
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We  have  divided  the  groups  of  normal  and  overweight  hypertensives  according  to  type  of  air¬ 
craft  flown  (jet,  prop,  helicopter)  and  age  groups.  The  age  groups  are  ao  follows: 

Up  to  the  age  of  30  years,  between  31  and  years  (4i  years  is  a  special  age  limit  for  the  in¬ 
activation  of  Jet  pilots  and  Jet  navigators)  and  over  4l  years  of  age. 

A  breakdown  of  the  82  cases,  which  as  a  rule  involved  mild  hypertension  without  overweight, 
reveals  no  essential  differences  as  far  an  age  classification  is  concerned.  If  in  addition,  one 
considers  the  type  of  aircraft  flown,  there  is  a  predominance  of  hypertension  in  young  jet, 
middle-aged  prop  and  older  helicopter  pilots  (Fig.  5). 
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Fig.  5 

A  breakdown  of  overweight  hypertensives  applying  the  same  criteria,  however,  shows  a  signi¬ 
ficant  increase  of  hypertension  with  increasing  age,  in  particular  over  4i  years  in  jet,  prop  and 
helicopter  pilots  alike.  This  supports  the  findings  of  Kirchhoff  in  1971  regarding  frequency, 
degree  and  cause  of  hypertension  in  flying  personnel  of  the  Federal  Armed  Forces  (Fig.  6). 
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The  majority  of  pilots  with  high  blood  pressure  had  a  so-called  borderline  hypertension.  In 
this  group  the  danger  of  a  manifest  hypertendion  is  increased,  however,  the  risk  of  a  secondary 
disease  (in  relation  to  the  total  number  of  borderline  hypertension  cases)  is  relatively  low. 
Therefore,  at  the  present  time,  there  are  differences  of  opinion  as  to  whether  these  persons  re¬ 
quire  more  comprehensive  diagnostics  of  hypertension  and  to  what  extent  drug  therapy  is  necessary. 

How  then  do  we  proceed  in  determining  borderline  hypertension? 

Upon  detecting  a  borderline  hypertensive  for  the  very  first  time,  the  flight  surgeon  is  re¬ 
quested  to  record  several  daily  blood  pressure  curves.  A  family  case  history  is  needed,  since  in 
borderline  hypertensives  there  is  frequently  history  of  hypertension  in  the  family.  Moreover,  a 
hereditary  predisposition  is  considered  to  have  a  highly  significant  predictive  value. 

The  physical  examinations  are  aimed  at  covering  two  important  points: 

1.  Detection  of  metabolic  risk  factors  such  as  blood  sugar,  cholesterol,  triglycerides  and  uric  acid. 

2.  Detection  of  secondary  causes  of  hypertension  (nephrogenic,  endocrine),  as  well  as  damage  to 
hypertension  prone  organs.  Because  of  the  well-known  frequent  and  close  correlation  between  the 
clinical  progress  of  hypertension  and  changes  in  the  eye  fundus,  funduscopic  examinations  are 
part  of  the  basic  diagnostics  at  the  GAF  lAM.  This  comprehensive  examination  spectrum  in  cases 
of  borderline  hypertensives  fully  meets  the  requirements  of  the  German  League  for  Combating 
High  Blood  Pressure  in  diagnosing  manifest  hypertension. 
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Although  we  demand  and  carr^  out  a  maximum  program  in  diagnostics,  it  seems  reasonable  - 
based  on  previous  epidemiological  knowledge  in  most  pilots  with  borderline  hypertension  >  to 
confine  ourselves  to  the  basic  therapy  important  for  hypertension  of  all  degrees: 

-  weight  reduction  in  conformance  with  Broca-Index 

-  sodium  restriction:  a  moderate  reduction  of  sodium  intake  to  ^  -  6  gr  dally  will  lower  blood 
pressure.  It  is  sufficient  if  the  borderline  hypertensive  doesn’t  add  salt  to  meals. 

-  regular  physical  conditioning  (running,  swimming,  cycling) 

-  no  smoking,  reduction  of  beverages  containing  caffeine  (recommended). 

Because  these  so-called  psycho-hygienic  measures  are  often  difficult  to  carry  out  in  the 
flying  unit  under  everyday  conditions,  we  are  very  generous  in  recommending  so-called  fitness 
courses  as  a  first  step  in  the  therapeutic  basic  program.  In  many  cases  however,  it  is  not  possible 
for  us  to  carry  out  this  basic  program  and  at  the  same  time  keep  up  flying  operations,  due  to  lack 
of  co-operation  on  the  part  of  the  pilots.  In  such  cases  we  ground  pilots  temporarily,  in  order  to 
force  the  start  of  therapy. 

In  197^  King  and  his  colleagues  reviewed  granted  waivers  and  noticed  that  of  approximately 
6,5^^  waivers  for  flying  personnel,  hypertension  waa  listed  as  a  diagnosis  for  75^*  Of  these, 

520  were  pilots,  of  whom  263  i.e.  over  half  were  receiving  drug  therapy.  Contrary  to  this,  only 
7  (^.199^)  of  our  t69  hypertensives,  mostly  mild  forms,  required  drug  therapy.  6  of  these  were 
between  and  5S  years  of  age.  The  only  younger  one  was  >2.  All  7  had  been  granted  a  waiver, 
however  only  for  prop  and  helicopter  with  dual  controls  and  a  second  pilot.  We  feel  if  no  drug 
therapy  is  necessary,  pilots  with  borderline  hypertension  and  those  with  a  mild  form  of  manifest 
hypertension  (type  I  according  to  WHO)  do  not  need  a  waiver. 

The  small  number  of  hypertensives  requiring  drug  therapy  can  be  attributed  to  our  thorough 
basic  diagnostics  and  basic  therapy.  Blood  pressure  curves  and  application  of  basic  therapy  are 
supervised  by  the  local  flight  surgeons,  who  are  responsible  for  regular  reports  to  the  Institute. 
If  deadlines  are  not  met,  reminders  are  automatically  provided  by  the  computer. 

When  deliberating  if  and  by  what  means  a  drug  therapy  should  be  instituted,  several  aspects 
must  be  considered: 

-  the  initiation  of  pharmacotherapy  Implies  a  life-long  therapy  with  definitely  negative  psycholo¬ 
gical  effects  on  the  pilot. 

-  often  in  case  of  borderline  hypertension  and  light  manifest  hypertension,  an  antihypertensive 
pharmacotherapy  with  normal  dosage  causes  only  a  slight  decrease  in  blood  pressure,  but  at  the 
same  time  very  often  has  undesirable  side-effects. 

-  pharraacotntirapy  is  an  individual  therapy,  which  is  possible  because  of  our  small  number  of 
cases.  With  regard  to  flying  personnel,  all  drugs, with  the  exception  of  diuretics  and  possibly 
beta-blockers, are  excluded  to  begin  with,  due  to  the  undesirable  side-effects;  in  particular 
reaction  impairment  and  orthostatic  instability.  Pilots  of  the  Federal  Armed  Forces  have  only 
oeen  treated  with  hypertensive  drugs  since  1975«  Initially  only  the  potassium-saving  diuretica 
were  used.  A  combination  of  50  mg  triamterene  and  25  ng  hydrochlorthiazide  is  preferred.  ^  1/2 
years  is  the  longest  period  this  drug  was  known  to  have  been  tolerated  with  no  significant  un¬ 
desirable  side-effects  and  with  adequate  lowering  of  blood  pressure. 

-  In  one  case  increased  fatigue  was  an  undesirable  side-effect  during  this  therapy.  In  another 
case  involving  an  individual  having  ideal  body  weight,  therapy  had  to  be  changed  to  beta-blocker 
because  of  pronounced  dehydration  symptoms  (over-dose). 

-  The  above  mentioned  52  year  old  helicopter  pilot  with  severe  hypertension  while  under  stress 
and  subjective  complaints  (often  he^idaches)  has  been  treated  successfully  with  Propanolol-HCl 
for  l8  months. 

-  A  50  year  old  helicopter  pilot  with  additional  accumulated  ventricular  extrasystoles  has  been 
under  a  monotherapy  with  a  beta-blocker  for  one  year  without  undesirable  side-effects. 

Mention  should  also  be  made  o f  a  55  year  old  commander  in  whom  we  were  unable  to  achieve  ade¬ 
quate  decrease  of  blood  pressure  by  way  of  a  monotherapy  either  with  diuretics  or  beta-blockers. 
With  a  combination  of  potassium-saving  diuretics  and  a  beta-blocker  however,  he  has  been  showing 
satisfactory  blood  pressure  values  for  one  year.  (At  this  age,  a  lowering  of  blood  pressure  be¬ 
low  l40/90  is  not  desirable). 

We  do  not  intend  to  permit  a  drug  for  general  use  in  the  treatment  of  hypertension  in  flying 
personnel.  Potassium-saving  diuretics  reap,  beta-blockers  may  only  be  prescribed  individually  with 
the  consent  of  the  GAF  lAM  (waiver).  We  have  only  had  experience  with  4  different  beta-blocRers 
due  to  our  limited  number  of  cases.  Further  application  of  so-called  cardio-selective  beta-blockers 
for  treatment  of  hypertension  is  not  yet  plannedt  pending  further  clarification  of  therapeutic 
mechanisms. 

PROBLEMS  OF  HYPERLIPOPROTEINEMIA  (KLP)  DRUG  THERAPY  IN  FLYING  PERSONNEL 

The  importance  of  HLP  as  a  risk  factor  in  atherosclerosis  has  been  reviewed  in  several  ways 
within  the  last  few  years.  The  fact  that  certain  forms  of  essential  HLP  (particularly  hereditary 
elevated  cholesterol  levels)  present  an  atherogenic  risk  of  the  first  order  is  still  indisputable. 
These  forms  of  HLP  are,  however,  extremely  rare.  Due  to  the  fact  that  lipid  determinations  by 
initial  examinations  for  flying  fitness  at  the  GAF  lAM  have  been  carried  out  for  more  than  10 
years,  and  candidates  with  essential  KLP  are  not  admitted  to  flying  training,  we  are  not  confronted 
with  the  question  of  long-term  treatment  of  these  metabolic  disorders. 

Moreover,  we  are  aware  of  the  problem,  that  dietary  measures  as  well  as  differentiated  drug 
therapy  will  not  change  the  serum  level  to  any  great  extent.  On  the  other  hand«  dietary  treatment 
alone  can  bring  about  astonishing  changes  in  the  serum  lipids  in  secondary  HLPs,  especially  if  the 
HLP  is  of  a  predominantly  elementary  nature.  At  this  time  we  should  like  to  mention  the  case  of  a 


pilot  who  was  examined  7  years  ago  in  a  well-known  clinic  and  was  found  uo  have  essential  hyper¬ 
cholesterolemia  with  values  of  about  4J0  ng/dl.  Aftei  not  having  drug  therapy  f'^r  more  than  5 
years,  his  serum  cholesterol  level  is  l80  mg/dl.  It  is  our  opinion,  that  he  'imply  had  a  sympto¬ 
matic  secondary  HLP. 

These  forms  of  H1*P  (cholesterol  260  mg/dl,  triglycerides  228  mg/dl)  are  just  as  frequent 
in  flying  personnel  of  the  German  Armrd  Forces  as  in  a  non-selected  population  (Fig-  7  and  8). 
Comparative  study  results  have  already  been  reported  in  197^  by  Ju^g  from  the  GAF  lAM.  There  being 
no  oetter  theory  for  the  development  or  promotion  of  premature  degenerative  cardiovascultir  diseases 
than  the  theory  of  risk  factors,  we  nake  every  effort  to  eliminate  these  factors  in  our  '"lying 
personnel.  However,  we  don't  go  a'^  fair  as  treating  secondary  HLP  with  drugs,  even  if  dietary  mea¬ 
sures  shoni<)  be  unsuccessful,  since  in  most  cases  we  are  dealing  with  mild  forms  of  seconuai-y  !ILP, 
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Physical  exercise  adapted  to  the  individual  performance  ability  is  always  called  for  in  conven¬ 
tional  therapy  of  these  secondary  1 Ipometabol ic  disorders.  This  has  a  favotirable  influence  on  the 
nigh  density  lipoproteins  (HDL)  /  low  density  lipoproteins  (LDL)  -  cholesterol  quotient  known  to 
promote  atherosclerosis.  Done  the  way  it  should  be,  this  physical  exercise  in  not  only  inexpensive, 
but  without  risks  and  accepted  by  most  pilots. 


Reasonable  nutrition  is,  however,  not  so  readily  accepved  in  cases  of  dietary  treatment  of 
HLP.  In  plain  IsngUiige,  all  it  means  is  reduction  of  overweight,  reducti^u  of  alcohol  consumption, 
reduction  of  carbohydrates  and  lipids  in  total  calories.  It  is  very  difficult  to  carry  out  more 
differentiated  dietary  treatment  under  everyday  conditions. 


Oonfiiderinf'  tf.at  hav<*  an  unfavourably  low  HDL-cholesteroi  level  and  achieve  a 

more  vourat.  I  e  a  I  rieroi-^en  ic  p:otective  factor  only  through  formation  of  the  quotient  HDL/LDL- 
oriolerterol  ,  the  difficulty  in  understanding  the  role  of  the  lipids  as  pathogenetic  factors  of 
a t fieroKc i eros If  i.‘>  illuntrated. 

Disregarding  trie  public  controversy  about  which  is  better,  butter  or  margarine,  drug  therapy 
of  HLP  has  become  ^  major  insue  in  the  health  policy  of  the  Federal  Republic. 

At  the  oeginning  of  1979  Clofibrat  was  prohibited  by  the  Federal  Health  Authorities.  In  August 
19;'9  ClofiDrnt  was  again  released,  with  severe  restrictions,  for  the  treatment  of  serious  primary 
1 ipometaDol  ic  disorders  together  with  elevated  triglycerides  and  cholesterol  levels,  as  well  as 
for  treatment  of  serious  secondary  hypertriglyceridemias.  This  applied  only  to  such  cases  where 
neither  a  change  in  nutrition  nor  in  habits  was  successful.  The  pharmaceutical  companies  were  com¬ 
pelled  to  include  the  following  notice  in  the  instructions  for  use  of  ulofibrat: 

"  ....  so  far  it  has  not  been  proven,  that  a  lowering  of  elevated  lipids  will  prevent  or  improve 
a t .-.erosc  1  eros is  or  resulting  diseases,  e.g.  coronary  heart  disease  or  vascular  diseases  with  suu- 
cequent  circulatory  disorders  of  the  extremities  or  brain".  The  instructions  continue  by  mention¬ 
ing  a  long-term  study  on  patients  suffering  from  cardial  infarction  which  shows,  that  treatment 
with  Clofitrat  induced  a  higher  rate  of  side-effects  such  as  angina  pectoris,  claudicatio  inter- 
I'.iitens,  thrombo-embolisn  and  cardiac  arrhythmias  than  in  a  control  group.  Further,  another  exten¬ 
sive  long-term  study  is  mentioned,  which  was  carried  out  on  individuals  with  healthy  hearts  and 
elevated  cholesterol  levels  averaging  250  mg/dl,  who  received  Clofibrat  for  more  than  5  years.  In 
tfiis  group  the  mortality  was  one-third  higher  than  in  a  control  group.  It  could  not,  however,  be 
proven  beyond  doubt,  that  Clofibrat  caused  a  larger  number  of  cancer  cases.  Since  spring  19^0, 
tr;ere  is  separate  doctor  and  patient  information, and  the  foregoing  is  included  only  in  information 
for  the  doctor  in  order  to  improve  patient  compliance. 

TROBLEMS  OF  EUTHYROID  STRUMA  DRUG  THERAPY  IN  FLYING  PERSONNEL 

The  euthyroid  struma  is  the  most  common  of  all  thyroid  disorders.  It  is  an  enlarged,  non- 
riyperthyroid  thyroid  gland,  showing  no  signs  of  being  inflamed  or  malignant.  In  the  Federal  Repub¬ 
lic  struma  appears  endemically  in  certain  geographical  areas  (Fig,  9)«  The  size  classification  of 
the  euthyroid  struma  corresponds  with  the  recommendations  of  WHO  (Fig.  10),  For  detailed  thera¬ 
peutic  and  prognostic  reasons,  subdivisions  into  diffuse  or  nodular  struma  is  also  of  clinical 
importance-  Lack  of  icdine  in  food  and  water  is  the  most  prominent  etiological  factor  in  the 
growth  of  i.truffla,  A  combination  of  several  unfavourable  circumstances  results  in  the  manifestation 
of  euthyroid  struma.  All  factors  causing  euthyroid  struma  lead  to  the  same  pathogenutically  de¬ 
cisive  condition  of  a  reduced  incretion  of  L-thyroxine  and  triiodothyronine.  This  reduction  in  the 
concentration  of  thyroid  hormones  in  serum  causes  an  increased  secretion  of  thyroid  stimulating 
hormone  (TSH)  by  the  anterior  lobe  of  the  pituitary  gland  via  the  negative  feed-back  mechanism. 

This  increased  TSH-st imulant  causes  various  biochemical  changes  in  the  thyroid  gland  and  stimu¬ 
lates  growth  of  thyroid  tissue.  Based  on  this  etlopathogenetic  knowledge,  long-term  therapy  of 
euthyroid  struma  with  thyroid  hormones  has  been  practiced  on  a  wide  basis  in  the  last  few  years 
(Fig.  11). 


Incktofic#  C%)  of  struma  In 
draftoos  bom  1937  - 1952 
(F.A.  Horsfor  ot  al.) 
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Types  of  euthyroid  struma  following  WHO 

Type  0  no  struma 


I  palpable  struma 


II  visible  struma  (normal  position  of  head) 


III  large  struma 


Fig-  10 


TrMrtiMfit  of  tmhyroid  Struma 
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Between  1975  anii  1977  pilots  and  pilot  candidates  at  the  GAF  JAM  having  an  euthyroid  stru¬ 
ma  were  systematically  treated  with  thyroxine,  following  diagnosis  by  means  of  thyroid  scinti¬ 
graphy,  T3-T4  determination  in  serum  and  if  necessary  X-rax  of  the  trachea.  Between  May  1st,  1979 
and  April  30th,  198O,  27  pilots  were  re-examined  to  see  whether  treatment  with  thyroxine  (50  micro- 
grams  -  100  nicrograms  daily)  had  been  successful.  This  treatment  was  applied  for  a  period  of  2 
months  to  ^  years.  The  patients  themselves  noticed  no  change  in  the  thyroid  gland;  visual  examina¬ 
tion  and  palpation  revealed  no  changes  (as  far  as  comparable  because  of  different  examiners).  In 
no  case  were  there  noticeable  changes  in  neck  circumference.  It  is  well-known,  that  changes  in 
thyroid  volumes,  even  though  objectively  determined,  will  not  effect  neck  circumference.  Thyroid 
scintigraphy  as  primary  parameter  and  accurate  indicator  for  changes  in  the  thyroid  gland  was 
available  in  only  10  of  27  cases. 

Orir  results  are  contrary  to  the  findings  published  recently  by  Hengst  and  Fasshauer.  They 
treated  221  young  males  for  an  average  of  l4  months  with  thyroid  hormones  (lOO  -  150  micrograms 
daily)  in  order  to  reduce  the  volume  of  the  euthyroid  struma.  In  9C#  there  was  a  therapeutical 
effect,  in  46%  there  was  a  pronounced  reduction  in  thyroid  volume,  and  in  10%  struma  increased 
during  treatment.  The  authors  reported  no  essential  difference  as  to  the  effectiveness  of  thyroxine 
in  comparison  with  a  thyroxine-triiodthyronlne  combination. 
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Our  patients  were  treated  with  thyroxine  exclusively  in  order  to  avoid  unpnys  lo 1 o/ 1 ca i 1 y 
high  *’T?-peaks’' ,  In  only  one  case  were  undesirable  side-effects  (restlessness,  .xoirt  !;ands, 
noticed  after  takinj'  50  nicrograms  thyroxine  daily# 

According  to  our  findings,  the  problems  of  euthyroid  ntruna  dn  g  therapy  in  flyin^r  personnel 
are  manifold:  pilots  are  reluctant  to  take  the  prescribed  thyroid  hormone  dosage  regularly,  since 
nearly  all  cases  are  asymptomatic.  During  the  first  stage  with  r,tep-wice  increase  of  thyroid  !ior- 
mone  dosage,  pilots  must  be  grounded  for  at  least  4  weeks,  realizing  that  the  grounding  period  is 
in  no  proportion  to  the  nature  and  seriousness  of  an  euthyroid  struma  (Fig.  12).  Tne  optimai 
suppression  dosage  must  be  determined  under  treatment  by  the  TRH-Test  (thyrotropin  releasing  nor- 
mone).  According  to  latest  studies,  the  extent  of  the  suppression  of  the  TSH  r.erum  level  ty  TBH 
serves  as  the  most  important  indicator  for  the  effectiveness  of  the  initiated  thyroid  nurmone 
treatment.  According  to  these  criteria,  we  assume  our  pilots  had  not  received  adequate  therapy 
(Fig.  13  and  l4). 

Taking  the  fact,  that  no  struma  increased  in  size  while  under  treatment  ar,  a  criterion  for 
therapeutic  success,  we  were  lOOJi  successful. 

Past  experience  shows  euthyroid  struma  to  be  simply  a  relative  indication  for  furtrier  diag¬ 
nostic  steps.  A  long-term  therapy  (at  least  2  years)  with  thyroid  hormones,  taken  regularly  and 
in  optimal  dosage,  should  only  be  instituted  in  the  presence  of  signs  and  nyroptoms  such  as 
narrowing  of  the  trachea  or  dysphagia. 


Schedule  of  Thorapy  with  L*Thyro«ino 


5  weeks  of  treetmeet 


Fig.  12 


Schodiilo  of  Thoropy  with  L*ThyroMino 
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Fig#  15 

Schodulo  of  Thorapy  with  L-Thyroxlno 

HQ  T#  /100  ml  oerum 
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1 4.  Abstract 

''  The  introduction  of  advanced  aircraft  has  placed  a  much  increased  stress  on  aircrew  who 
are  subjected  to  the  high  physical  stress  loads  of  sustained  high  ’g’  manoeuvres,  vibration, 
high  noise  levels  and  heat  stress.  Crews  are  required  to  produce  a  constant  high  degree  of 
concentration  with  little  or  no  margin  for  error.  Is  an  increased  degree  of  aircrew  fitness 
necessary?  Is  there  a  need  for  special  selection  of  the  crews  to  fly  these  aircraft? 

The  diagnosis  of  certain  diseases  has,  to  date,  resulted  in  the  concerned  aircrew  being 
declared  permanently  unfit  to  fly.  Modern  methods  of  treatment,  however,  have  now 
made  it  possible  to  consider  the  return  of  these  aircrew  to  flying  duties.  Under  what 
conditions  may  aircrew  with  diseases  which  require  long-term  therapy  continue  to  fly 
and  what  limitations  must  be  applied  in  such  cases? 

The  papers  presented  at  the  Aerospace  Medical  Panel  Specialists’  Meeting  in  Toronto, 

C  anada,  15  19  September  1980  address  these  questions. 


degree  of  aircrew  fitness  necessary  ,’  is  there  a  need  for  special  selection  of  the  crews  degree  of  aircrew  fitness  necessary 
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